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Simultaneous Parkinsonism and Dementia as Initial Presentation of Intracranial Dural

Arteriovenous Fistulas: A Systematic Review
Pavel S. Pichardo-Rojas1, Luis A. Marı́n-Castañeda2, Fernando De Nigris Vasconcellos1, Shadia I. Flores-López3,

Adrian Coria-Medrano4, Perla de Teresa López-Zepeda5, Claudia D. Sánchez-Serrano6, Mario C. Torres-Chávez7,

Jesús M. Escobar-López8, Luz C. Choque-Ayala9, Gorbachev Jowah1, Leonardo Rangel-Castilla10
-BACKGROUND: Intracranial dural arteriovenous fistulas
(IDAVFs) are abnormal vascular connections between dural
arteries and various venous structures within the brain.
IDAVFs, rarely present with parkinsonism and dementia
concurrently, making this a unique and underexplored
clinical scenario. To the best of our knowledge, this is the
first systematic review to comprehensively analyze cases
of IDAVFs manifesting as both parkinsonism and dementia.

-METHODS: We assessed databases from inception to
September 18, 2023. We identified studies describing pa-
tients with IDAVFs initially presenting with dementia or
parkinsonism. Inclusion criteria encompassed case reports
and case series, while excluding review articles, guide-
lines, technical notes, comments, conference abstracts,
and editorials.

-RESULTS: The systematic search resulted in the initial
screening of 383 studies, with 33 articles meeting the in-
clusion criteria. Among these, 29 were case reports, often
describing 3 or fewer patients. From the remaining 4 case
series, data pertinent to patients presenting both parkin-
sonism and dementia were selectively extracted, yielding
a total study population of 43 patients. The anatomical
distribution of IDAVFs within this cohort was diverse, with
the transverse and sigmoid sinuses being the most common
locations. Although most of these patients received
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endovascular therapy, a few underwent microsurgical oc-
clusion or combined surgical and endovascular treatment.

-CONCLUSIONS: IDAVFs presenting with both parkin-
sonism and dementia represent a rare clinical entity. This
systematic review provides valuable insights into the
clinical characteristics, treatment options, and outcomes
for such cases. However, additional research involving
larger cohorts is essential to better comprehend the un-
derlying mechanisms and establish standardized thera-
peutic guidelines.
INTRODUCTION
ntracranial dural arteriovenous fistulas (IDAVFs) are
abnormal vascular shunts between dural arteries and either
Idural venous sinuses, meningeal veins, or cortical veins. They

account for up to 10%e15% of all intracranial arteriovenous
malformations.1,2 IDAVFs usually develop in adulthood and are
commonly found within the transverse, sigmoid, and cavernous
sinuses.1,3,4 Although most IDAVFs are idiopathic, a small
percentage can be acquired, often correlated with prior
craniotomies, trauma, venous hypertension, and dural sinus
thrombosis.1,5,6 Clinical manifestations are highly
heterogeneous; however, symptoms are closely associated with
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the location of the lesion and the venous drainage pattern.
Common symptoms include pulsatile tinnitus, headache,
cognitive impairments, memory deficits, decreased visual acuity,
cranial nerve abnormalities, cerebellar symptoms,
ophthalmoplegia, parkinsonism, and dementia.1,7-13 Parkin-
sonism and dementia are notably infrequent clinical presentations
associated with IDAVFs. Although both presentations remain
poorly understood, current hypotheses propose a correlation with
the frontal lobe and basal ganglia hypoperfusion attributed to
impaired venous drainage.13-16 Given the limited studies available
on this topic,16,17 primarily consisting of case reports and case
series, to our knowledge, this study represents the first
systematic review exploring concurrent parkinsonism and
dementia as the initial presentation of IDAVF. Secondarily, our
study aims to describe published IDAVF cases manifesting with
either dementia or parkinsonism.

METHODS

Search Strategy
This systematic review was conducted adhering to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines,18 with registration secured through PROSPERO
CRD42023468361.
A systematic search was conducted across the MEDLINE

(PubMed), Embase, and Cochrane Library databases from incep-
tion to September 18, 2023, without language restriction. The
search strategy was designed and conducted by one author (P. S.
P.-R.), using a controlled vocabulary supplemented with key
words “arteriovenous fistula or dural arteriovenous fistula or
central nervous system vascular malformations,” “dementia,” and
“parkinsonian disorders or parkinsonism or Parkinson disease,”
to search for studies describing the clinical course and outcomes
of patients with IDAVFs initially manifesting as dementia or
parkinsonism. The complete search strategy, including all terms
and combinations, is provided in Supplementary Appendix 1.

Eligibility
The inclusion criterion was restricted to published articles that
reported patients with IDAVFs presenting initially with dementia
and parkinsonism. These studies had to report well-defined clin-
ical characteristics, diagnostic strategies, imaging characteristics,
treatment, and therapeutic outcomes. Although patients mani-
festing with isolated dementia or parkinsonism were taken into
consideration for a secondary narrative assessment, they did not
align with our study’s primary objective. Regarding study design,
we only included case series and case report studies; review arti-
cles, guidelines, technical notes, comments, conference abstracts,
and editorials were excluded.

Data Extraction and Screening
The initial screening of titles and abstracts was independently
conducted by 2 authors (P. T. L.-Z. and L. A. M.-C.) using
Microsoft Excel spreadsheets (Microsoft Inc., Redmond, Wash-
ington, USA). For those abstracts deemed eligible, full-text articles
were retrieved and subsequently scrutinized by 2 authors (A. C.-M.
and S. I. F.-L.), concluding in the final list of included articles.
Based on the inclusion and exclusion criteria, 285 articles were
e2 www.SCIENCEDIRECT.com WORLD NE
retained for full examination, of which 33 were chosen to be
included in this review.
Baseline patient characteristics were extracted from each article.

These included sex, age, location, clinical presentation, and Bor-
den classification. Any patients whose initial presentation was
characterized by symptoms other than dementia or parkinsonism
were excluded from the study.
RESULTS

From our initial evaluation, a total of 383 studies were screened, of
which 33 articles met our inclusion criteria. Among these, 29 were
case reports13,15,19-45,46 including �3 patients. From the remaining
4 case series,39-41,47,48 we selectively extracted data for individual
patients that aligned with our focus on IDAVFs presenting both
parkinsonism and pseudodementia, because not all patients
matched these characteristics. The publication dates from the
different studies ranged from 1988 to 2022. The articles were
reported from 11 countries including the United Kingdom,
Japan, South Korea, China, France, India, Israel, Portugal,
Canada, Italy, and Switzerland. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses flow diagram is
shown in Figure 1. The baseline study characteristics can be found
in Table 1.
Our search encompassed a total study population of 43 patients

with 48 IDAVFs, with ages ranging from 40 to 87 years. These
48 IDAVFs were distributed across various locations including
17 in the transverse sinus,13,20,21,24,27-29,31,35,36,39,41,47,50 14 in
the sigmoid sinus,15,20,21,24,29,31,33,39,50 9 in the superior sagittal
sinus,21,23,25,30,33,34,39,45,47 4 in the straight sinus,13,19,47,48 and 10
in the confluence of the sinuses or torcula.20,21,25,28,34,38,40,45,47

An additional 9 were categorized under other venous
sinuses,22,26,29,32,36,37,42,44,47 including the jugular foramen, great
vein of Galen, tentorium cerebri, and tentorium cerebelli. For
certain cases, the exact anatomic location remained unspecified.
Figure 2 provides a schematic representation of the IDAVF
locations. Regarding the Borden classification, 9 IDAVFs were
grade II23,30,32,38,40,47 and 3 were grade III.19,20,36 One case was
classified as Cognard type IIa,41 and another case was type
IIIaþb.13 The rest of the studies did not categorize them.
Population characteristics can be found in Tables 2 and 3.
All included patients had an initial presentation of parkin-

sonism and dementia or pseudodementia. Parkinsonism included
bradykinesia, resting tremor, postural instability, and rigidity.
Those with dementia or pseudodementia demonstrated memory
impairment, language deficits, visuospatial dysfunction, and ex-
ecutive dysfunction. Additional alterations included focal motor
deficits,23,30,33 altered mental status,15,30,32,38,48 seizures,31

cerebellar symptoms,29 urinary incontinence,15,24,25,28,43,48

headaches,25 hallucinations,21 ocular movement impairment,21,34

papilledema,34 Horner syndrome, and scleral injection.50

The imaging findings from imaging modalities for patients with
IDAVFs revealed a broad spectrum of radiographic
abnormalities13,15,19-45,47,48,50; these are described in Tables 2 and
3. Imaging characteristics were not detailed in 2 of the
studies.31,49 Magnetic resonance imaging findings on
T2-weighted sequences demonstrated diffuse hyperintensities
across affected regions (e.g., thalamus, white matter, cerebral
UROSURGERY, https://doi.org/10.1016/j.wneu.2024.01.170
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. IDAVF, intracranial dural
arteriovenous fistula.
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Table 1. Study Characteristics

Study Country
Total Population

(Analyzed) Follow-Up Time
Patient Presentation (Clinical

Manifestations) Key Findings

Case reports

Hirono et al., 199333 Japan 1 3 months Progressively cognitive impairment, gait
disturbance.

IDAVF in the superior sagittal sinus
and right sigmoid sinus.

Touho et al., 199432 Japan 1 2 months Gait disturbance, dementia,
hyperkinesia, quadriparesis, Broca

aphasia.

IDAVF in the left transverse and
straight sinuses.

Yoshimura et al.,
199531

Japan 1 10 months Status epilepticus, gait disturbance,
tremor, cognitive impairment.

IDAVF in the posterior fossa.

Datta et al., 199830 China 1 1 month Dementia, gait disturbance, tremor. Multiple IDAVFs in the superior
sagittal sinus.

Tominaga et al.,
200329

Japan 2 6 months Case 1: confusion, vomiting, cerebellar
dysfunction.

Case 2: dementia and parkinsonism.

IDAVF in the transverse-sigmoid sinus.

Belo et al., 200427 France 1 2 months Dementia, urinary incontinence, and
parkinsonism.

IDAVF in the right lateral sinus.

Magot et al., 200428 France 2 4 months/24 months Case 1: gait disturbance, dementia,
incontinence.

Case 2: dementia, parkinsonism, tinnitus.

IDAVF in the centrum semiovale and
left transverse sinus.

Ishihara et al.,
200926

Japan 2 (1) NE Progressive dementia, gait disturbances IDAVF that was fed by the accessory
middle meningeal artery and
ascending pharyngeal artery.

Nogueira et al.,
200941

USA 1 4 months Postural instability, rigidity, bradykinesia,
dementia.

IDAVF in the transverse sinus.

Netravathi et al.,
201125

India 2 NE Cognitive impairment, urinary
incontinence, parkinsonism.

IDAVF in the torcular Herophili and
superior sagittal sinus.

Shahar et al., 201237 Israel 1 6 months Progressing freezing of gait, dementia,
nystagmus.

IDAVF in the tentorium cerebri.

Geraldes et. al.,
201240

Portugal 1 3 months Bradykinesia, rigidity, dysmetria,
myoclonus, ataxic gait, dementia.

IDAVF in the torcular Herophili.

Hattori et al., 201339 Japan 1 3 years Disorientation, gait disturbance, mutism,
urinary incontinence.

IDAVF in the transverse-sigmoid sinus
and 3 years later in the superior

sagittal sinus.

Luo et al., 201424 China 2 17 months/24 months Bradykinesia, cognitive dysfunction,
urinary incontinence.

IDAVF in the transverse and sigmoid
sinus.

Ma et al., 201522 China 1 12 months Rigidity, memory loss, behavioral
abnormalities.

IDAVF in the left temporal region.

Fujii et al., 201423 Japan 1 7 days Parkinsonism and cognitive dysfunction. IDAVF in the superior sagittal sinus.

Gopinath et al,
201734

India 1 6 months Dementia and parkinsonism. IDAVF in the superior sagittal sinus
and torcular Herophili

Nakano et al., 201720 Japan 1 7 months Memory disturbance, bradykinesia, gait
disturbance.

IDAVF in the torcular Herophili.

Lai et al., 201721 Canada 2 5 months/3 months Case 1: headache, parkinsonism, gait
disturbance, dementia.

Case 2: pulsatile tinnitus, cognitive
impairment, parkinsonism.

IDAVF in the superior sagittal sinus,
transverse sinuses, torcular Herophili,

and right sigmoid sinus.

Cascio Rizzo et al.,
202138

Italy 1 NE Parkinsonism, disorientation, memory
impairment

IDAVF in the torcular Herophili.

Continues
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Table 1. Continued

Study Country
Total Population

(Analyzed) Follow-Up Time
Patient Presentation (Clinical

Manifestations) Key Findings

Velz et al., 202019 Switzerland 1 3 months Progressive cognitive impairment,
bradykinesia, gait impairment.

IDAVF in the straight sinus

Prosperini et al.,
202235

Italy 1 NE Dementia, bradykinesia, rigidity, gait
disturbance.

IDAVF in the transverse sinus.

Tominaga et al.,
202236

Japan 1 NE Parkinsonism and dementia. IDAVF in the tentorium cerebeli and
transverse sinus.

Case series

Matsuda et al.,
199915

Japan 3 NE Case 1: gait impairment, bradykinesia,
forgetfulness, rigidity

Case 2: blurred vision, generalized
convulsion, confusion, rigidity,

bradykinesia
Case 3: bradykinesia, disorientation,

difficulty of walking, urinary incontinence

IDAVF in the sigmoid sinus.

Dehdashti et al.,
201047

Canada 246 (4) 3e6 months in most
cases

Case 1: gait instability, tremor, cognitive
decline.

Case 2: personality change, episodes of
confusion, gait instability.

Case 3: gait instability, personality
change, worsening memory.

Case 4: personality change, memory loss,
tremor.

IDAVF in the transverse sinus, superior
sagittal sinus, straight sinus, torcular

Herophili, and jugular foramen.

Colorado et al.,
201848

USA 4 (3) Case 1: 3 months
Case 3: 34 months
Case 4: 6 months

Case 1: parkinsonism and bradykinesia
with impaired balance.

Case 3: memory impairment,
disorientation, parkinsonism,

hypersomnolence
Case 4: memory impairment,

disorientation, generalized seizure.

All IDAVFs were located in the straight
sinus.

Lazar et al., 202249 USA 104 (1) 24 months Rapidly progressive dementia,
parkinsonism, gait instability, akinetic

mutism.

IDAVF was found ruling out CJD.

Fearon et al., 202250 Canada 7 (1) NE Cognitive decline and personality
change, Horner syndrome, parkinsonism.

Extensive IDAVF in the left sigmoid
and transverse sinus.

IDAVF, intradural arteriovenous fistula; CJD, Creutzfeldt-Jakob disease; NS, not specified.
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hemispheres). Flow voids, indicative of blood flow disruption, were
frequently observed. These commonly occurred in temporal and
occipital regions. T1-weighted images demonstrated areas of
enhancement or hyperintensity. These magnetic resonance imag-
ing findings are represented in Figure 3. Noncontrast computed
tomography scans generally displayed hypodense regions in the
subcortical white matter and other areas (e.g., thalamus). Other
findings included cerebral edema, dilation of deep cerebral veins,
and evidence of thrombosis or hemorrhage in the affected regions.
Of the 43 patients, microsurgical IDAVF occlusion was per-

formed in 3 cases19,42,47: 2 of them experienced clinical
improvement, whereas the third remained stable after surgical
intervention. Of these patients, 36 were treated with
endovascular therapy. Specifically, 35 patients underwent IDAVF
embolization13,15,20-23,25-34,36-40,43-45,47,48,50 and 1 was treated with
pressure cooker technique.35 Among those treated with
WORLD NEUROSURGERY-: e1-e23, - 2024
embolization, 28 experienced clinical improvement posttherapy,
6 did not show clinical improvement,15,25,31,38,48 and clinical
outcomes were not reported for 2 patients.47 Additionally, 1
patient underwent a combination of endovascular and surgical
therapy and demonstrated posttherapeutic clinical
improvement.41 Poor outcomes were not confined to any specific
type or location of IDAVF because they presented heterogeneously.
Studies that did not meet our primary criteria and presented

with isolated parkinsonism or dementia were secondarily
assessed. We identified a total population of 70 patients from our
main search that presented with dementia or parkinsonism as an
initial presentation of IDAVF, which are displayed in
Supplementary Table 1.14,42,51-57 In our search, 5 studies with 5
patients were identified with isolated parkinsonism. These pa-
tients exhibited bradykinesia, rigidity, gait disturbances, hypo-
mimia, and hypophonia. They were associated with IDAVFs of the
www.journals.elsevier.com/world-neurosurgery e5
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Figure 2. Intracranial dural arteriovenous fistula locations in patients with
parkinsonism and dementia.
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transverse sinus, straight sinus, sigmoid sinus, and torcular Her-
ophili. Three of them experienced complete recovery after
treatment.14,51e53,58e98 Common IDAVF locations included the
superior sagittal sinus, transverse sinus, and sigmoid sinus. After
treatment, 28 of these patients experienced complete recovery.
DISCUSSION

IDAVFs represent 10% of all cerebrovascular malformations,1

accounting for a significant proportion of intracranial
arteriovenous malformations. Although their clinical
manifestations can be heterogeneous, it is uncommon for them
to present as parkinsonism or dementia, and even rarer as
both.16 To our knowledge, this systematic review represents the
first review analyzing this unique presentation of parkinsonism
and dementia, aiming to deepen our understanding of its
characteristics, treatment options, and clinical outcomes.
In our review, 40 patients with IDAVFs presented with both

parkinsonism and dementia. As noted, these symptoms were
frequently found with other clinical manifestations including
motor deficits,23,30,33 altered mental status,15,30,32,38,48 seizures,31

cerebellar symptoms,29 urinary incontinence,15,24,25,28,48

headaches,25 hallucinations,21 ocular movement impairment,21,34

papilledema,34 Horner syndrome, and scleral injection.50 Similar
to other IDAVFs, the coexistence of parkinsonism and dementia
often presents alongside other symptoms, rather than as an
isolated syndrome.1,99,100

Diagnostic imaging studies, including computed tomography
and magnetic resonance angiography, were used for initial iden-
tification of the IDAVFs, with the use of digital subtraction angi-
ography for confirmation.100 Similar to what has been reported in
the literature regarding IDAVFs, the most frequent anatomic
locations were the transverse and sigmoid sinuses,1,101
e6 www.SCIENCEDIRECT.com WORLD NE
regardless of this unique clinical presentation. Interestingly,
although the tentorial location is typically associated with a
more aggressive course,5 all tentorial IDAVFs in our study
demonstrated favorable outcomes after treatment.29,32,36,37 In
accordance with the Borden classification system,102 higher-
grade IDAVFs, specifically types II and III, along with Cognard
classification7 types IIeV, have an aggressive progression with an
increased risk of hemorrhage and intracranial hypertension. Of
the 14 IDAVFs classified in these groups from our selected pop-
ulation, 11 patients experienced favorable clinical outcomes
without any clinical deterioration.13,19,20,23,30,32,36,38,40,41

Hemorrhage was observed in 5 patients; only 2 of these were
Borden type II IDAVFs, whereas the remaining 3 were
unclassified.21,25,36,38,40

Although asymptomatic IDAVFs are usually treated conserva-
tively,100 symptomatic cases representing high-grade IDAVFs are
candidates for intervention. In summary, 77% of the treated pa-
tients experienced positive clinical outcomes, with most of them
receiving endovascular therapy.103 Of the 40 patients, surgery was
performed in 3 cases,19,42,47 33 were treated with endovascular
therapy,13,15,20-23,25-40,47,48,50 and a combination of endovascular
and surgical therapy was performed in 1 case.41

Although parkinsonism and dementia are rare presentations of
IDAVFs, their timely identification is crucial given the potential
reversibility after intervention. Many cases were initially diagnosed
and managed as primary dementia or Parkinson disease, which
might have delayed appropriate treatment and possibly impacted
clinical outcomes. Recognizing these symptoms as potential in-
dicators of IDAVFs can aid early diagnosis and prompt treatment,
potentially modifying the natural history of this and improving
patient outcomes. This study provides valuable insights into the
underreported association between IDAVFs and both parkin-
sonism and dementia. Further research involving larger patient
cohorts could offer a more comprehensive understanding of these
correlations. This systematic review assists in addressing this
knowledge gap by summarizing the available evidence.

Limitations
Although we think this study represents a valuable contribution to
the literature, it comes with certain limitations. The observational
nature of the systematic review inherently introduces potential
bias considering the differences in follow-up, clinical workup, and
interventions, which may come with confounders. Furthermore,
the limited number of cases reporting the simultaneous presen-
tation of parkinsonism and dementia restricts generalizability to
the broader population. Additionally, some cases might not be
published due to lack of novel findings or unfavorable outcomes,
leading to a publication bias. Additionally, it is important to ac-
count for the potential effect of the learning curve effects and
advancements in neurosurgical care over time.

CONCLUSIONS

IDAVF presenting with both parkinsonism and dementia is a rare
presentation. Our comprehensive review was able to elicit infor-
mation about the characteristics, clinical outcomes, and treatment
modalities for these cases. Although our findings provide valuable
UROSURGERY, https://doi.org/10.1016/j.wneu.2024.01.170
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Table 2. Case Report Characteristics

Study

Gender/
Age

(Years)
Parkinsonism
Symptoms

Dementia
Symptoms
(MMSE)

Additional
Clinical
Findings

Location
of IDAVF

Arterial
Feeders

Venous
Outflow
Patterns CT Findings MRI Finding

Borden
Classification ICH Treatment Outcome

Hirono
et al.,
199333

Male/76 Gait disturbance Memory impairment
and disorientation

Incontinence
and

hemiparesis

SSS and
SiS

ECA and
OA

Right cerebral
veins

NE Multiple T1 and T2
signal voids in right
frontoparietal region
and lateral ventricle

NE No Onyx TAE CR

Touho
et al.,
199432

Male/58 Gait disturbance
and involuntary
movement

Broca aphasia and
memory impairment

Headache and
quadriparesis

StS and
TS

Left VA Inferior vermian
vein, StS, Cv,
SPS, SiS, and

IJV

Low-density area
in thalamus; deep
veins appeared as

high-density

NE Type II No TAE CR

Yoshimura
et al.,
199531

Male/56 Gait disturbance
and tremor

Memory impairment Status
epilepticus

Right TS
and SiS

Right OA,
APA,

MMA, and
VA

Sphenoparietal
sinuses

NE NE NE No Onyx TAE Died
months
later

Datta
et al.,
199830

Male/69 Unsteadiness of gait Memory impairment
and disorientation

NE Sagittal
sinus

ECA Cv Contrast CT
showed prominent
vascular markings
over wide areas of

the brain

Prominent vascularity
and venous
congestion

Type II No TAE and
surgery

CR

Pierot
et al.,
199843

Male/68 Unsteadiness of gait Impaired mental
function

Urinary
incontinence

SSS ECA, VA,
and

posterior
cerebral
arteries

SSS and Cv NE Bilateral thalamic
lesions in the

supratentorial white
matter and abnormal

vessels in both
hemispheres

NE No TAE IR and
died

months
later

MMSE, Mini-Mental State Examination; IDAVF, intracranial dural arteriovenous fistula; CT, computed tomography; MRI, magnetic resonance imaging; ICH, intracerebral hemorrhage; SSS, superior sagittal sinus; SiS, sigmoid sinus; ECA, external
carotid artery; OA, occipital artery; NE, not specified; TAE, transarterial embolization; CR, complete recovery; StS, straight sinus; TS, transverse sinus; VA, vertebral artery; Cv, cortical veins; SPS, superior petrosal sinus; IJV, internal jugular
vein; APA, ascending pharyngeal artery; MMA, middle meningeal artery; IR, incomplete recovery; NI, no improvement; CS, cavernous sinus; SAH, subarachnoid hemorrhage; TSS, transverse-sigmoid sinus; TVE, transvenous embolization;
PMA, posterior meningeal artery; ICA, internal carotid artery; MR, magnetic resonance; LS, lateral sinus; DWI, diffusion-weighted imaging; NBCA, n-butyl cyanoacrylate; PCA, posterior cerebral artery; TH, torcular Herophili; VG, vein of
Galen; DAVF, dural arteriovenous fistula; TCB, tentorium cerebelli; VR, vein of Rosenthal; FLAIR, fluid-attenuated inversion recovery; GP, globus pallidus; 3D, 3-dimensional; TOF, time-of-flight; MRA, magnetic resonance angiography; mb,
meningeal branches; ICV, internal cerebral veins.
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Table 2. Continued

Study

Gender/
Age

(Years)
Parkinsonism
Symptoms

Dementia
Symptoms
(MMSE)

Additional
Clinical
Findings

Location
of IDAVF

Arterial
Feeders

Venous
Outflow
Patterns CT Findings MRI Finding

Borden
Classification ICH Treatment Outcome

Matsuda
et al.,
199915

Male/55 Gait disturbance,
bradykinesia, and

rigidity

Memory impairment Headache Right SiS OA and
MMA

NE Nonenhanced CT
showed

hypodensity of
subcortical white

matter

T2-weighted scan
showed bilateral high
signal and deep and
subcortical white

matter

NE No TAE CR

Male/78 Gait disturbance
and bradykinesia

Memory impairment
and confusion

Generalized
convulsion and

urinary
incontinence

Right SiS OA and
MMA

StS, SSS, and
Cv

Contrast-enhanced
CT showed

enlarged vessels in
the deep cerebral
white matter

Gadolinium T1
showed 2 enlarged
vessels in the deep
cerebral white matter

NE No TAE IR

Female/
69

Gait disturbance
and bradykinesia

Progressive
disorientation

Tinnitus,
headache, and

urinary
incontinence

Left SiS OA and
MMA and

VA

Left TS, SSS,
and Cv

Nonenhanced CT
showed diffuse

low density in the
subcortical white

matter and
enhanced CT

showed multiple
vermiform

enlarged vessels in
white matter

T2-weighted scan
showed diffuse high
signal intensity in the
bilateral cerebral
white matter

NE No TAE NI

Tominaga
et al.,
200329

Male/71 Tremor Confusion and
cerebellar
dysfunction

Nausea and
vomiting

TSS Left MMA,
APA, and
branches
of the OA

Bilateral basal
vein, CS, and
Sylvian vein

Showed an SAH NE NE Yes TVE and
surgery

CR

Male/73 Tremor and
bradykinesia

Cognitive
impairment

NE TSS Branches
of the left
ECA and
the left
PMA

StS, right basal
vein, vein of

Labbé, and left
occipital Cv

NE T2-weighted MR
images showed

hyperintense lesions
bilaterally in the

thalamus

NE No TVE and
surgery

CR

Belo et al.,
200427

Male/70 Bradykinesia,
tremor, and
hypomimia

Disorientation,
mood lability, and
memory impairment

Incontinence
and fatigue

Right TS ECA NE Cerebral edema NE NE No Embolization CR

Lee et al.,
200413

Female/
60

Tremor, gait
impairment and
hypomimia

Impaired cognitive
functions for recent

memory and
calculation (MMSE:

15)

NE Left TSS OA and
MMA

Deep venous
system and SSS

NE T2-weighted scan
showed dilated deep
cerebral veins with
slightly increased
white matter signal

intensity

Cognard type
IIIa þ b

No TAE CR
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Magot
et al.,
200428

Female/
60

Gait disturbance Apragmatism and
bradypsychia
(MMSE: 19)

Urinary
incontinence

and
dysesthesia in
lower limbs

Centrum
semiovale

VA, both
ICAs, and
right OA

SSS and right
LS

Diffuse cerebral
edema

T2-weighted scan
showed dilated

vascular structures in
the right occipital
region and DWI
showed restricted

diffusion of the white
matter

NE No TAE and
surgery

CR

Female/
58

Bradykinesia and
tremor

Disorientation,
memory impairment,

and aphasia
(MMSE: 3)

Pulsatile
tinnitus

Left TS ICA, ECA,
and VA

Left TS Dilation of Cv Evidence of
thrombosis of the TS

NE No TAE CR

Ishihara
et al.,
200926

Female/
75

Gait disturbance Progressive
disorientation

Vertigo NE Right
accessory
meningeal
and APA

NE NE T2-weighted scan
showed hyperintense
signals in the right
front temporal lobe
T1-weighted scan

demonstrated cortical
enhancement

NE No TAE with
NBCA

CR

Nogueira
et al.,
200941

Male/79 Gait imbalance,
postural instability,
hypomimia, and

tremor

Cognitive
impairment

Tinnitus and
vertigo

Left TS OA, MMA,
and

branches
of PCA and

ICA

SSS and deep
venous system

NE T2-weighted scan
showed numerous
bilateral serpiginous
flow voids in the

posterior fossa and in
the temporal and
occipital lobes

Cognard type
IIa þ b

No TAE with
NBCA, coils,
and surgery

CR

Netravathi
et al.,
201125

Male/54 Hypomimia, tremor,
bradykinesia, and

rigidity

Memory disturbance
and confusion
(MMSE: 27)

Headache and
incontinence

TH OA and
meningeal
arteries

StS, VG,
cavernous
sinus, and
superior

ophthalmic vein

Left thalamic
hemorrhage

T2-weighted scan
showed bilateral

symmetrical thalamic
and right basal

ganglia white matter
hyperintensities

NE Yes Onyx TAE IR

Male/40 Gait disturbance,
tremor, hypomimia,

and rigidity

Rapidly progressive
memory impairment

(MMSE: 21)

Urinary
incontinence

SSS ICA and
MMA

Cv Multiple
hyperdense

enhancing lesions
in the gray and

white matter with
draining vessels
suggestive of
multiple DAVF

NE NE No TVE and TAE IR

MMSE, Mini-Mental State Examination; IDAVF, intracranial dural arteriovenous fistula; CT, computed tomography; MRI, magnetic resonance imaging; ICH, intracerebral hemorrhage; SSS, superior sagittal sinus; SiS, sigmoid sinus; ECA, external
carotid artery; OA, occipital artery; NE, not specified; TAE, transarterial embolization; CR, complete recovery; StS, straight sinus; TS, transverse sinus; VA, vertebral artery; Cv, cortical veins; SPS, superior petrosal sinus; IJV, internal jugular
vein; APA, ascending pharyngeal artery; MMA, middle meningeal artery; IR, incomplete recovery; NI, no improvement; CS, cavernous sinus; SAH, subarachnoid hemorrhage; TSS, transverse-sigmoid sinus; TVE, transvenous embolization;
PMA, posterior meningeal artery; ICA, internal carotid artery; MR, magnetic resonance; LS, lateral sinus; DWI, diffusion-weighted imaging; NBCA, n-butyl cyanoacrylate; PCA, posterior cerebral artery; TH, torcular Herophili; VG, vein of
Galen; DAVF, dural arteriovenous fistula; TCB, tentorium cerebelli; VR, vein of Rosenthal; FLAIR, fluid-attenuated inversion recovery; GP, globus pallidus; 3D, 3-dimensional; TOF, time-of-flight; MRA, magnetic resonance angiography; mb,
meningeal branches; ICV, internal cerebral veins.
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Table 2. Continued

Study

Gender/
Age

(Years)
Parkinsonism
Symptoms

Dementia
Symptoms
(MMSE)

Additional
Clinical
Findings

Location
of IDAVF

Arterial
Feeders

Venous
Outflow
Patterns CT Findings MRI Finding

Borden
Classification ICH Treatment Outcome

Shahar
et al.,
201237

Male/59 Progressive freezing
of gait, hypomimia,

and rigidity

Memory
deterioration and
bradypsychia

Ptosis of the
right eye,
limitation in
right and up-

gaze

TCB Right
MMA and

right
occipital
meningeal
artery

VG, VR, and
internal

cerebral veins

Noncontrast CT
revealed

hyperdense lesion
with surrounding
edema in right

occipital lobe and
hypodensity of
lenticular nuclei

bilaterally

FLAIR sequences
showed a high signal
in the GP bilaterally;
no signs of proton
restriction were
demonstrated on

diffusion coefficient
sequences

NE No Onyx TAE CR

Geraldes
et. al.,
201240

Male/64 Gait disturbance,
rigidity, and
bradykinesia

Loss of speech,
fluctuating
attention,

disorientation,
anomia, and

memory impairment
(MMSE: 12)

Right
hemiplegia

TH Posterior
OA and
MMA

StS and deep
venous system

Left
capsulolenticular

hematoma

Engorged cerebellar
veins and basal

ganglia hypersignal in
T2-weighted scan

without white matter
involvement

Type II Yes TVE IR

Hattori
et al.,
201339

Female/
52

Gait disturbance,
hypomimia, and
hypophonia

Disorientation and
mental slowness

Fatigue and
urinary

incontinence

TSS and 3
years later
in the SSS

MMA, OA,
and

tentorial
arteries

StS and Cv Contrast-enhanced
scan revealed

multiple vermiform
and enlarged Cv

Diffusion-weighted
and T2-weighted

scans revealed diffuse
high intensity lesions
in the deep white
matter and basal

ganglia

NE No Coil TVE and
TAE

IR

Luo et al.,
201424

Male/54 Bradykinesia,
hypomimia, and gait

disturbance

Memory impairment
(MMSE: 14)

NE Right TSS Tentorial
artery

StS and right
TS

Nonenhanced CT
scan showed
curvilinear

calcification in the
corticomedullary
junction at the
bottom of the
cerebral sulcus
bilaterally

T2-weighted scan
revealed flow void
clusters at the inner
part of the left

temporal lobe; 3D TOF
MRA showed flow-
related enhancement

of a DAVF

NE No No
treatment

Did not
received
treatment
and lost
follow-up

Male/75 Gait disturbance,
tremor, and
bradykinesia

Cognitive
impairment (MMSE:

8)

NE Left TSS NE Left temporal
Cv and StS

NE T2-weighted scan
showed a significantly
dilated superficial vein
on the left temporal

cortex

NE No No
treatment

Died
before

treatment
because
of seizures
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Ma et al.,
201522

Male/62 Rigidity and
bradykinesia

Memory loss and
behavioral

abnormalities

NE Left
temporal
region

Bilateral
MMA and
mb of the

VA

SSS NE T2-weighted scan
showed a flow void
shadow of enlarged
meningeal vessels in
the left temporal lobe
and a vermiform flow

void shadow of
vessels in the left
temporal lobe

NE No TAE CR

Fujii et al.,
201423

Male/69 Tremor and
festinating gait

Memory
impairment,
attention

disturbance, and
deficits in executive
function (MMSE: 26)

NE SSS STA and
OA

Cv NE T2-weighted scan
revealed dilation of
the medullary vein in
the bilateral frontal
and parietal lobes

Type II No TVE CR

Gopinath
et al,
201734

Female/
45

Rigidity and
bradykinesia

Apathy, impaired
attention, and

memory (MMSE: 18)

Bilateral
papilledema
and reduced
abduction of
both eyes

TH and
SSS

ICA, ECA,
MMA

NE NE Diffuse deep white
matter and

periventricular T2 and
FLAIR hyperintensities

bilaterally

NE No TAE CR

Nakano
et al.,
201720

Male/63 Gait disturbance
and bradykinesia

Memory impairment
and disorientation

Pulsatile
tinnitus,

headache, and
diplopia

TSS and
TH

NE StS and VG NE Low T1 signals in the
bilateral basal ganglia

with marked
hyperintensity on a

series of T2-weighted,
FLAIR, and diffusion-
weighted scans

Type III No TVE IR

MMSE, Mini-Mental State Examination; IDAVF, intracranial dural arteriovenous fistula; CT, computed tomography; MRI, magnetic resonance imaging; ICH, intracerebral hemorrhage; SSS, superior sagittal sinus; SiS, sigmoid sinus; ECA, external
carotid artery; OA, occipital artery; NE, not specified; TAE, transarterial embolization; CR, complete recovery; StS, straight sinus; TS, transverse sinus; VA, vertebral artery; Cv, cortical veins; SPS, superior petrosal sinus; IJV, internal jugular
vein; APA, ascending pharyngeal artery; MMA, middle meningeal artery; IR, incomplete recovery; NI, no improvement; CS, cavernous sinus; SAH, subarachnoid hemorrhage; TSS, transverse-sigmoid sinus; TVE, transvenous embolization;
PMA, posterior meningeal artery; ICA, internal carotid artery; MR, magnetic resonance; LS, lateral sinus; DWI, diffusion-weighted imaging; NBCA, n-butyl cyanoacrylate; PCA, posterior cerebral artery; TH, torcular Herophili; VG, vein of
Galen; DAVF, dural arteriovenous fistula; TCB, tentorium cerebelli; VR, vein of Rosenthal; FLAIR, fluid-attenuated inversion recovery; GP, globus pallidus; 3D, 3-dimensional; TOF, time-of-flight; MRA, magnetic resonance angiography; mb,
meningeal branches; ICV, internal cerebral veins.
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Table 2. Continued

Study

Gender/
Age

(Years)
Parkinsonism
Symptoms

Dementia
Symptoms
(MMSE)

Additional
Clinical
Findings

Location
of IDAVF

Arterial
Feeders

Venous
Outflow
Patterns CT Findings MRI Finding

Borden
Classification ICH Treatment Outcome

Lai et al.,
201721

Male/62 Bradykinesia,
symmetrical
cogwheeling

rigidity, fine tremor
of the hands and a

narrow-based
shuffling gait

Rapid decline with
disorientation,

visual
hallucinations, and
poor short-term

memory

Hallucinations
and headache

SSS, TSS,
and

torcula

Bilateral
OA, MMA,

and
tentorial
arterial
branches

StS, VG,
pterygoid

plexus, and SSS

Right anterior
temporal

intraparenchymal
hematoma with
intraventricular
extension and

abnormal dilated
veins

FLAIR showed diffuse
hyperintensity in the
cerebral hemispheric

white matter

NE Yes Onyx and
coli TVE

CR

Female/
65

Tremors, hypomimia,
and a shuffling gait

with postural
instability,

bradykinesia, and
rigidity

Subacute functional
decline and

cognitive slowing

Pulsatile
tinnitus,
headache,
visual and
auditory

hallucinations,
and myoclonus

Right TSS NE Deep venous
system

NE FLAIR showed diffuse
hyperintensity in the

cerebral and
cerebellar white

matter

NE No Coil
embolization

CR

Wiblin
et al.,
201944

Female/
78

Bradykinesia,
rigidity, tremor,

short-stepping and
stooped gait,
hypomimia, and
mild hypophonia

Emotional lability,
apathy, memory
impairment, and
cognitive changes

Double
incontinence

Right
basal
ganglia
(putamen)

and
posterior
cerebellum

OA StS, ICV, and
basal VR

Hyperdensity area
over the left

parieto-occipital
cortex

T2-weighted scan
showed flow voids in
the posterior cerebrum
with high signal in
right putamen

NE No TAE IR

Chen et al.,
202046

Male/68 Gait with mild
bilateral truncal
swaying and short

strides when
walking

Progressive memory
impairment

NE VG ICA NE NE FLAIR T2 showed a
bilateral asymmetrical

thalamic
hyperintensity and T1-
weighted showed

patchy enhancement
associated with

venous congestion

NE No Surgery IR

Hall et al.,
202045

Male/79 Gait impairment,
rigidity, and
hypophonia

Confusion and
memory impairment

Upgaze
limitation

TH OA and
MMA

StS NE T2-weighted
demonstrated bilateral
thalamic edema; FLAIR

image showed
hyperintensity in the
thalamus, midbrain,
and tectal plate

Type II No Onyx TAE IR
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Cascio
Rizzo et al.,
202138

Male/61 Hypomimia and mild
parkinsonism (mild
rigidity of the left
arm, reduced

bilateral arm swing
during gait, and
global mild
bradykinesia)

Excessive daytime
sleepiness, partial
disorientation in

time and space, and
short- and long-term
memory impairment,

and behavioral
changes (MMSE:

15/30)

NE TH Right OA
and VA

VG, VR, and
cerebral veins

NE FLAIR and T2-
weighted scan
showed bilateral,

symmetrical thalamic
hyperintensities
T1-weighted scan

showed
hypointensities in the
same regions with a
subtle and patchy

gadolinium
enhancement

Type II Yes TAE NI

Velz et al.,
202019

Male/57 Bradykinesia, gait
impairment

hypophonia, and
hypomimia

Disorientation,
altered mental

status, and impaired
executive function

NE StS Tentorial
dural
arteries

StS into the
median

tentorial sinus,
supraculminal
vein, superior
vermian vein,
and system of

the VG

NE Partial thrombosis of
the StS with diffuse

edema of both
thalami, the internal

capsule, the
hippocampi, the

pallidum, the base of
the mesencephalon,
and dilated deep
cerebral veins

Type III No Surgery CR

Prosperini
et al.,
202235

Male/84 Resting and kinetic
tremor,

bradykinesia, and
gait disturbances

Attention and verbal
fluency impairment,
disorientation, and

mental state
alteration (MMSE:

15)

NE Left TS OA Supratentorial
venous
drainage

NE T1-weighted scan
showed subtentorial
hyperintense oval area
with alterations in
venous drainage

FLAIR scan showed
bilateral and
symmetrical

hyperintensity in the
white matter of both
cerebral hemispheres

NE No Onyx TAE CR

Tominaga
et al.,
202236

Female/
87

Rigidity,
bradykinesia,

tremor, and gait
disturbance

Disturbance of
consciousness and

memory

Depression TCB Left OA
and MMA

SPS and left
petrosal vein

Diffuse low-density
areas in the

brainstem and left
cerebellar
peduncle

FLAIR scan showed
hyperintensity areas in
the brainstem, the left
cerebellar peduncle,
and a spotty area in
the left basal ganglia

Type III No icvOnyx TAE CR

MMSE, Mini-Mental State Examination; IDAVF, intracranial dural arteriovenous fistula; CT, computed tomography; MRI, magnetic resonance imaging; ICH, intracerebral hemorrhage; SSS, superior sagittal sinus; SiS, sigmoid sinus; ECA, external
carotid artery; OA, occipital artery; NE, not specified; TAE, transarterial embolization; CR, complete recovery; StS, straight sinus; TS, transverse sinus; VA, vertebral artery; Cv, cortical veins; SPS, superior petrosal sinus; IJV, internal jugular
vein; APA, ascending pharyngeal artery; MMA, middle meningeal artery; IR, incomplete recovery; NI, no improvement; CS, cavernous sinus; SAH, subarachnoid hemorrhage; TSS, transverse-sigmoid sinus; TVE, transvenous embolization;
PMA, posterior meningeal artery; ICA, internal carotid artery; MR, magnetic resonance; LS, lateral sinus; DWI, diffusion-weighted imaging; NBCA, n-butyl cyanoacrylate; PCA, posterior cerebral artery; TH, torcular Herophili; VG, vein of
Galen; DAVF, dural arteriovenous fistula; TCB, tentorium cerebelli; VR, vein of Rosenthal; FLAIR, fluid-attenuated inversion recovery; GP, globus pallidus; 3D, 3-dimensional; TOF, time-of-flight; MRA, magnetic resonance angiography; mb,
meningeal branches; ICV, internal cerebral veins.
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Table 3. Case Series Characteristics

Study

Type
of

Study Period

Number
of

Patients
(Included
Patients)

Average
Age

Gender/
Age

(Years) Location of IDAVF
Parkinsonism
Symptoms

Dementia
Symptoms
(MMSE)

CT
Findings MRI Findings

Borden
Classification Treatment Outcome

Lazar
et al.,
202249

Case-
control
study

2014
e2021

104 (1) 64.6
(range,
44.6
e76.4)

Male/70 NE Gait instability that
progressed to akinetic

mutism

Rapidly progressive
dementia and
psychosis

NE NE NE NE Alive, NE
extent of
recovery

Fearon
et al.,
202250

Case
series

NE 7 (1) NE Male/64 Left SiS and TS;
IDAVF, supplied by

branches of VA, ECA,
and tentorial branches

of ICA

Bradykinesia, postural
instability, and
hypomimia

Progressive
cognitive decline
and personality

change

NE Contrast-enhanced T1-
weighted scan showing
enhancement of engorged

vessels
T2-weighted scan showing
small flow voids anterior
to the brainstem and in
the right temporal lobe

NE Embolization
and ligation
of the IDAVF

CR

Dehdashti
et al.,
201047

Case
series

1984
e2008

8 (4) 62 (range,
48e86)

Female/
64

StS and torcula Gait instability and
tremor

Cognitive decline
and psychotic

features (MMSE:
10)
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Figure 3. IDAVF magnetic resonance imaging findings
in patients with parkinsonism and dementia. 3D,
3-dimensional; IDAVF, intracranial dural arteriovenous

fistula; MRA, magnetic resonance angiography; TOF,
time-of-flight.
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insights, more extensive studies are warranted to better under-
stand the underlying mechanisms and to establish standardized
therapeutic guidelines. Understanding these nuances is vital for
optimizing patient care and improving prognosis.

CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Pavel S. Pichardo-Rojas: Writing e review & editing, Writing e
original draft, Visualization, Validation, Supervision, Project
administration, Methodology, Investigation, Data curation,
Conceptualization. Luis A. Marín-Castañeda: Writing e review &
WORLD NEUROSURGERY-: e1-e23, - 2024
editing, Writing e original draft, Methodology, Investigation.
Fernando De Nigris Vasconcellos: Writing e original draft.
Shadia I. Flores-López: Methodology, Investigation. Adrian
Coria-Medrano: Writing e original draft, Data curation. Perla de
Teresa López-Zepeda: Methodology. Claudia D. Sánchez-
Serrano: Data curation. Mario C. Torres-Chávez: Writing e
original draft. Jesús M. Escobar-López: Data curation. Luz C.
Choque-Ayala: Data curation. Gorbachev Jowah: Data curation.
Leonardo Rangel-Castilla: Writing e review & editing,
Writing e original draft.
REFERENCES

1. Gandhi D, Chen J, Pearl M, Huang J,
Gemmete JJ, Kathuria S. Intracranial dural arte-
riovenous fistulas: classification, imaging find-
ings, and treatment. AJNR Am J Neuroradiol. 2012;
33:1007-1013.
2. Wilson M, Enevoldson P, Menezes B. Intracra-
nial dural arterio-venous fistula. Pract Neurol.
2008;8:362-369.

3. Kirsch M, Liebig T, Kühne D, Henkes H.
Endovascular management of dural arteriove-
nous fistulas of the transverse and sigmoid sinus
in 150 patients. Neuroradiology. 2009;51:477-483.
www.journals.el
4. Kwon BJ, Han MH, Kang HS, Chang KH. MR
imaging findings of intracranial dural arteriove-
nous fistulas: relations with venous drainage
patterns. AJNR Am J Neuroradiol. 2005;26:
2500-2507.

5. Awad IA, Little JR, Akarawi WP, Ahl J. Intra-
cranial dural arteriovenous malformations:
sevier.com/world-neurosurgery e15

http://refhub.elsevier.com/S1878-8750(24)00191-8/sref1
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref1
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref1
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref1
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref1
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref2
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref2
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref2
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref3
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref3
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref3
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref3
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref4
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref4
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref4
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref4
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref4
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref5
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref5
www.journals.elsevier.com/world-neurosurgery


ORIGINAL ARTICLE

PAVEL S. PICHARDO-ROJAS ET AL. PARKINSONISM & DEMENTIA IN IDAVF
factors predisposing to an aggressive neurolog-
ical course. J Neurosurg. 1990;72:839-850.

6. Izumi T, Miyachi S, Hattori K, Iizuka H,
Nakane Y, Yoshida J. Thrombophilic abnormal-
ities among patients with cranial dural arterio-
venous fistulas. Neurosurgery. 2007;61:262-268
[discussion: 268-269].

7. Cognard C, Gobin YP, Pierot L, et al. Cerebral
dural arteriovenous fistulas: clinical and angio-
graphic correlation with a revised classification
of venous drainage. Radiology. 1995;194:671-680.

8. Satomi J, van Dijk JM, Terbrugge KG,
Willinsky RA, Wallace MC. Benign cranial dural
arteriovenous fistulas: outcome of conservative
management based on the natural history of the
lesion. J Neurosurg. 2002;97:767-770.

9. van Dijk JM, terBrugge KG, Willinsky RA,
Wallace MC. Clinical course of cranial dural
arteriovenous fistulas with long-term persistent
cortical venous reflux. Stroke. 2002;33:1233-1236.

10. Lucas Cde P, Zabramski JM. Dural arteriovenous
fistula of the transverse-sigmoid sinus causing
trigeminal neuralgia. Acta Neurochir. 2007;149:
1249-1253 [discussion: 1253].

11. Hasumi T, Fukushima T, Haisa T, Yonemitsu T,
Waragai M. Focal dural arteriovenous fistula
(DAVF) presenting with progressive cognitive
impairment including amnesia and alexia. Intern
Med. 2007;46:1317-1320.

12. Lasjaunias P, Chiu M, ter Brugge K, Tolia A,
Hurth M, Bernstein M. Neurological manifesta-
tions of intracranial dural arteriovenous malfor-
mations. J Neurosurg. 1986;64:724-730.

13. Lee PH, Lee JS, Shin DH, Kim BM, Huh K.
Parkinsonism as an initial manifestation of dural
arteriovenous fistula. Eur J Neurol. 2005;12:
403-406.

14. Kawasaki H, Okuda R, Yokoyama R,
Yamamoto T. The sudden onset of pure parkin-
sonism caused by intracranial dural arteriove-
nous fistulas. Intern Med. 2022;61:1059-1061.

15. Matsuda S, Waragai M, Shinotoh H,
Takahashi N, Takagi K, Hattori T. Intracranial
dural arteriovenous fistula (DAVF) presenting
progressive dementia and parkinsonism. J Neurol
Sci. 1999;165:43-47.

16. Armocida D, Palmieri M, Paglia F, et al. Rapidly
progressive dementia and parkinsonism as the
first symptoms of dural arteriovenous fistula.
The Sapienza University experience and
comprehensive literature review concerning the
clinical course of 102 patients. Clin Neurol Neuro-
surg. 2021;208:106835.

17. Chitravas N, Jung RS, Kofskey DM, et al. Treat-
able neurological disorders misdiagnosed as
Creutzfeldt-Jakob disease. Ann Neurol. 2011;70:
437-444.

18. Page MJ, McKenzie JE, Bossuyt PM, et al. The
PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ. 2021;372:
n71.
e16 www.SCIENCEDIRECT.com
19. Velz J, Kulcsar Z, Büchele F, Richter H, Regli L.
The challenging clinical management of patients
with cranial dural arteriovenous fistula and sec-
ondary Parkinson’s syndrome: pathophysiology
and treatment options. Cerebrovasc Dis Extra. 2020;
10:124-138.

20. Nakano Y, Nomura E, Hiramatsu M, et al.
Dissociated recovery between dementia and
parkinsonism by transvenous embolization of
recurrent dural arteriovenous fistula. Neurol Clin
Neurosci. 2017;5:159-161.

21. Lai J, Heran MKS, Stoessl AJ, Gooderham PA.
Reversible parkinsonism and rapidly progressive
dementia due to dural arteriovenous fistula: case
series and literature review. Mov Disord Clin Pract.
2017;4:607-611.

22. Ma C, Lu Q, Shi W, et al. Diagnosis and treat-
ment of a dural arteriovenous fistula presenting
with progressive parkinsonism and dementia: a
case report and literature review. Exp Ther Med.
2015;9:523-526.

23. Fujii H, Nagano Y, Hosomi N, Matsumoto M.
Dural arteriovenous fistula presenting with pro-
gressive dementia and parkinsonism. BMJ Case
Rep. 2014;2014:bcr2014203921.

24. Luo Y, Qi J, Cen Z, Hu H, Jiang B, Luo W. Two
cases of dural arteriovenous fistula presenting
with parkinsonism and progressive cognitive
dysfunction. J Neurol Sci. 2014;343:211-214.

25. Netravathi M, Pal PK, Bharath RD,
Ravishankar S. Intracranial dural arteriovenous
fistula presenting as parkinsonism and cognitive
dysfunction. J Clin Neurosci. 2011;18:138-140.

26. Ishihara H, Ishihara S, Okawara M, et al. Two
cases of a dural arteriovenous fistula mimicking
a brain tumor. Interv Neuroradiol. 2009;15:77-80.

27. Belo M, Turjman F, Nighoghossian N, Derex L,
Montavont A, Trouillas P. Syndrome pseudo-
démentiel révélateur d’une fistule artério-vei-
neuse durale [Pseudo-dementia as presentation
of a dural arteriovenous fistula]. Rev Neurol (Paris).
2004;160:347-349.

28. Magot A, Desal H, Wiertlewski S, et al. Fistules
durales à drainage veineux cortical. Une cause
rare de démence curable [Dural arteriovenous
fistula. A rare cause of treatable dementia]. Rev
Neurol (Paris). 2004;160(4 Pt 1):425-433.

29. Tominaga T, Shamoto H, Shimizu H,
Watanabe M, Yoshimoto T. Selective loss of
Purkinje cells in transverse and sigmoid dural
arteriovenous fistulas. Report of two cases.
J Neurosurg. 2003;98:617-620.

30. Datta NN, Rehman SU, Kwok JC, Chan KY,
Poon CY. Reversible dementia due to dural
arteriovenous fistula: a simple surgical option.
Neurosurg Rev. 1998;21:174-176.

31. Yoshimura S, Hashimoto N, Kazekawa K,
Obata A, Yutani C, Ogata J. Arteriovenous fistula
around the ventriculoperitoneal shunt system in
a patient with a dural arteriovenous malforma-
tion of the posterior fossa. Case report.
J Neurosurg. 1995;82:288-290.
WORLD NEUROSURGERY, http
32. Touho H, Ohnishi H, Komatsu T, Furuoka N,
Karasawa J. Dural arteriovenous fistula caused by
sinus thrombosis–case report. Neurol Med Chir
(Tokyo). 1994;34:543-546.

33. Hirono N, Yamadori A, Komiyama M. Dural
arteriovenous fistula: a cause of hypoperfusion-
induced intellectual impairment. Eur Neurol.
1993;33:5-8.

34. Gopinath M, Nagesh C, Santhosh K,
Jayadevan ER. Dementia and parkinsonism-a
rare presentation of intracranial dural arteriove-
nous fistulae. Neurointervention. 2017;12:125-129.

35. Prosperini L, Gentile M, Ricci M, et al. Dural
arteriovenous fistula as a reversible cause of
progressive parkinsonism and dementia: a case
report. Neurohospitalist. 2022;12:559-562.

36. Tominaga A, Kiura Y, Kondo H, et al. Dural
arteriovenous fistula-derived parkinsonism
symptoms: a case report with literature review.
J Neuroendovasc Ther. 2022;16:257-264.

37. Shahar T, Gadoth A, Nossek E, Giladi N, Ram Z,
Maimon S. Reversible freezing of gait caused by
dural arteriovenous fistula and congestion of the
globus pallidus. Mov Disord. 2012;27:1690-1693.

38. Cascio Rizzo A, Bonaffini N, Bove R, et al.
Clinical reasoning: rapidly progressive thalamic
dementia. Neurology. 2021;96:e809-e813.

39. Hattori T, Takeuchi T, Kabeya R, Ando K,
Tosaki F. Transverse-sigmoid sinus dural arte-
riovenous fistula presenting with parkinsonism.
Neurol Med Chir (Tokyo). 2013;53:224-227.

40. Geraldes R, Albuquerque L, Ferro JM, Sousa R,
Sequeira P, Campos J. Rapidly progressive
cognitive impairment, ataxia, and myoclonus: an
unusual presentation of a dural arteriovenous
fistula. J Stroke Cerebrovasc Dis. 2012;21:
619.e3-619.e5.

41. Nogueira RG, Baccin CE, Rabinov JD, Pryor JC,
Buonanno FS, Hirsch JA. Reversible parkin-
sonism after treatment of dural arteriovenous
fistula. J Neuroimaging. 2009;19:183-184.

42. Liu R, Zhao Y, Yin H, Shi Z, Chen X. Dural
arteriovenous fistula presenting as thalamic de-
mentia: a case description with rare imaging
findings. Quant Imaging Med Surg. 2022;12:
3000-3006.

43. Pierot L, Visot A, Boulin A, Dupuy M. Combined
neurosurgical and neuroradiological treatment of
a complex superior sagittal sinus dural fistula:
technical note. Neurosurgery. 1998;42:194-197.

44. Wiblin L, Mitra D, Warren N. Unusual cause of
treatable parkinsonism. Pract Neurol. 2019;19:
518-520.

45. Hall CA, Swienton D, Taleti EL. Dural arterio-
venous fistula presenting with dementia and
bulbar symptoms. BMJ Case Rep. 2020;13:e234907.

46. Chen PM, Olson SE, Handwerker J. Bithalamic
lesions: cranial dural arteriovenous fistula man-
ifesting as thalamic dementia. Stroke. 2020;51:
e355-e358.
s://doi.org/10.1016/j.wneu.2024.01.170

http://refhub.elsevier.com/S1878-8750(24)00191-8/sref5
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref5
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref6
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref6
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref6
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref6
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref6
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref7
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref7
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref7
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref7
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref8
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref8
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref8
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref8
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref8
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref9
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref9
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref9
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref9
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref10
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref10
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref10
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref10
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref11
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref11
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref11
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref11
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref11
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref12
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref12
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref12
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref12
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref13
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref13
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref13
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref13
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref14
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref14
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref14
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref14
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref15
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref15
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref15
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref15
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref15
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref16
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref16
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref16
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref16
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref16
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref16
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref16
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref17
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref17
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref17
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref17
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref18
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref18
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref18
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref18
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref19
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref19
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref19
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref19
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref19
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref19
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref20
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref20
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref20
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref20
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref20
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref21
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref21
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref21
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref21
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref21
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref22
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref22
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref22
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref22
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref22
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref23
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref23
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref23
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref23
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref24
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref24
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref24
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref24
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref25
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref25
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref25
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref25
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref26
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref26
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref26
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref27
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref27
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref27
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref27
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref27
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref27
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref28
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref28
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref28
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref28
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref28
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref29
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref29
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref29
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref29
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref29
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref30
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref30
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref30
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref30
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref31
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref31
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref31
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref31
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref31
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref31
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref32
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref32
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref32
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref32
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref33
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref33
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref33
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref33
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref34
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref34
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref34
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref34
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref35
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref35
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref35
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref35
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref36
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref36
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref36
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref36
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref37
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref37
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref37
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref37
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref38
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref38
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref38
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref39
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref39
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref39
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref39
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref40
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref40
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref40
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref40
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref40
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref40
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref41
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref41
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref41
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref41
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref42
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref42
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref42
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref42
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref42
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref43
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref43
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref43
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref43
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref44
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref44
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref44
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref45
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref45
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref45
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt6N80gCo4Wh
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt6N80gCo4Wh
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt6N80gCo4Wh
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt6N80gCo4Wh
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2024.01.170


ORIGINAL ARTICLE

PAVEL S. PICHARDO-ROJAS ET AL. PARKINSONISM & DEMENTIA IN IDAVF
47. Dehdashti AR, Matouk CC, Terbrugge K,
Wallace MC, Willinsky RA. Clues to dural arte-
riovenous fistulas in patients with progressive
dementia. Can J Neurol Sci. 2010;37:532-534.

48. Colorado RA, Matiello M, Yang HS, et al. Pro-
gressive neurological decline with deep bilateral
imaging changes: a protean presentation of
dural arteriovenous fistulae. Interv Neurol. 2018;7:
256-264.

49. Lazar EB, Porter AL, Prusinski CC, et al.
Improving early recognition of Creutzfeldt-Jakob
disease mimics. Neurol Clin Pract. 2022;12:
406-413.

50. Fearon C, Rawal S, Olszewska D, et al. Neuro-
imaging pearls from the MDS congress video
challenge. Part 2: acquired disorders. Mov Disord
Clin Pract. 2022;9:311-325.

51. Chang CW, Hung HC, Tsai JI, Lee PC, Hung SC.
Dural arteriovenous fistula with sinus thrombosis
and venous reflux presenting as parkinsonism: a
case report. Neurologist. 2019;24:132-135.

52. Pu J, Si X, Ye R, Zhang B. Straight sinus dural
arteriovenous fistula presenting with reversible
parkinsonism: a case report and literature re-
view. Medicine (Baltimore). 2017;96:e9005.

53. Kim HJ, Yang JH, Lee HJ, Lee HJ. Tentorial dural
arteriovenous fistula treated using transarterial
onyx embolization. J Korean Neurosurg Soc. 2015;58:
276-280.

54. Ferrazzoli V, Picchi E, Pitocchi F, et al. Bithala-
mic infarction in a tentorial dural artero-venous
fistula and thalamic dementia: a case report and
systematic review. Neurol Sci. 2023;44:2291-2304.

55. Khan A, Elkady A, Rahametallah M, Bakheet MF.
Dural arteriovenous fistula presenting as a
rapidly progressive thalamic dementia: a case
report. Cureus. 2022;14:e29392.

56. Dargazanli C, Lippi A, Gaillard N. Medial ten-
torial dural arteriovenous fistula: a rare cause of
bithalamic oedema. Radiol Case Rep. 2022;17:
2111-2114.

57. Méndez-Gallardo JJ, Salazar MP, Baracaldo I,
Ortega-Gutiérrez S, Arauz A, Montenegro A.
Reversible rapidly progressive dementia due to a
high-grade, dural arteriovenous fistula: a case
report (P2-10.002). Neurology. 2022;(98(18 Sup-
plement):):3896.

58. Abstracts of the 21(st) International Congress of
Parkinson’s Disease and Movement Disorders.
Mov Disord. 2017;32(Suppl 2):S1-S1079.

59. Zhang J, Duan H, Jin H, et al. Dural arteriove-
nous fistula, a rare cause of rapidly progressive
dementia in a patient with bilateral thalamic le-
sions: a case report. Ann Palliat Med. 2021;10:
8371-8377.

60. Chee YC, Abdul Halim S, Ong BH. Visual loss
and rapidly progressive neurocognitive dysfunc-
tion in dural arteriovenous fistula. Neurol Clin
Neurosci. 2020;8:309-312.

61. Iampreechakul P, Lertbutsayanukul P,
Wattanasen Y, Thiraworawong T, Komonchan S,
Siriwimonmas S. Reversible thalamic dementia
WORLD NEUROSURGERY-: e1-e23, - 20
caused by venous hypertension of Bilateral
thalami resulting from multiple intracranial
dural arteriovenous fistulas successfully obliter-
ated by endovascular treatment using liquid
embolic materials: a case report and literature
review. Asian J Neurosurg. 2020;15:144-154.

62. Brito A, Tsang ACO, Hilditch C, Nicholson P,
Krings T, Brinjikji W. Intracranial dural arterio-
venous fistula as a reversible cause of dementia:
case series and literature review. World Neurosurg.
2019;121:e543-e553.

63. Kumonda S, Hokari M, Shimbo D, Uchida K,
Asaoka K, Itamoto K. Dural arteriovenous
fistulae in the tentorium manifesting as demen-
tia. No Shinkei Geka. 2018;46:803-809.

64. Tetsuo Y, Matsumoto H, Nishiyama H,
Takemoto H, Nakao N. Percutaneous trans-
luminal sinus stenting for sigmoid sinus stenosis
associated with transverse-sigmoid sinus dural
arteriovenous fistula:a case report. No Shinkei
Geka. 2018;46:325-332.

65. Matsuzaki J, Kono K, Umesaki A, Kashimura Y,
Matsumoto H, Terada T. Transvenous emboli-
zation by direct puncture of the superior sagittal
sinus using indocyanine green (ICG) video-
angiography for treatment of dural arteriovenous
fistula of the transverse-sigmoid sinus: a case
report. No Shinkei Geka. 2017;45:591-598.

66. Enofe I, Thacker I, Shamim S. Dural arteriove-
nous fistula as a treatable dementia. Proc (Bayl
Univ Med Cent). 2017;30:215-217.

67. Hwang H, La YK, Baek MS, Baik K, Suh SH,
Kim WJ. Dural arteriovenous fistula manifested
as rapid progressive dementia successfully
treated by endovascular embolization only. Neu-
rointervention. 2017;12:50-53.

68. Holekamp TF, Mollman ME, Murphy RK, et al.
Dural arteriovenous fistula-induced thalamic
dementia: report of 4 cases. J Neurosurg. 2016;124:
1752-1765.

69. Watanabe J, Maruya J, Nishimaki K, Ito Y. Onyx
removal after embolization of a superior sagittal
sinus dural arteriovenous fistula involving scalp
artery. Surg Neurol Int. 2016;7(Suppl 14):
S410-S414.

70. Higashida T. Delayed postoperative dural arte-
riovenous fistula presenting with progressive
dementia. BMJ Case Rep. 2015;2015:
bcr2015212874.

71. Takada S, Isaka F, Nakakuki T, Mitsuno Y,
Kaneko T. Torcular dural arteriovenous fistula
treated via stent placement and angioplasty in
the affected straight and transverse sinuses: case
report. J Neurosurg. 2015;122:1208-1213.

72. Imazeki R, Amari K, Sekiguchi T, et al. Rapidly
progressive dementia caused by a superior
sagittal sinus dural arteriovenous fistula: a case
report. Tokai J Exp Clin Med. 2015;40:22-26.

73. Randall A, Ellis R, Hywel B, Davies RR,
Alusi SH, Larner AJ. Rapid cognitive decline: not
always Creutzfeldt-Jakob disease. J R Coll Physi-
cians Edinb. 2015;45:209-212.
24 www.journals.el
74. Huded V, Moeed SZ, Desouza R, Tripathi R,
Nair R. Endovascular treatment of vein of Galen
dural arteriovenous fistula presenting as de-
mentia. Ann Indian Acad Neurol. 2014;17:451-454.

75. Pasi M, Nappini S, Salvadori E, Mangiafico S,
Limbucci N, Pantoni L. Rapidly progressive
cognitive impairment in a patient with high flow
dural arteriovenous fistulas, cerebral sinus
thrombosis and protein S deficiency. J Clin Neu-
rosci. 2014;21:1654-1656.

76. Yoshihara T, Kanazawa R, Maeshima S, et al. A
case of curable dementia treated by effective
endovascular embolization for dural arteriove-
nous fistula. Case Rep Neurol. 2014;6:116-121.

77. Abe K, Okuda O, Ohishi H, Sonobe M, Arai H.
Multiple dural arteriovenous fistulas causing
rapid progressive dementia successfully treated
by endovascular surgery: case report. Neurol Med
Chir (Tokyo). 2014;54:145-149.

78. Morparia N, Miller G, Rabinstein A, Lanzino G,
Kumar N. Cognitive decline and hypersomno-
lence: thalamic manifestations of a tentorial
dural arteriovenous fistula (dAVF). Neurocrit Care.
2012;17:429-433.

79. Henderson JB, Zarghouni M, Hise JH,
Opatowsky MJ, Layton KF. Dementia caused by
dural arteriovenous fistulas reversed following
endovascular therapy. Proc (Bayl Univ Med Cent).
2012;25:338-340.

80. Mendonça N, Santos G, Duro D, Machado E,
Goulão A, Santana I. Multiple dural arteriove-
nous fistulas presenting as rapidly progressive
dementia. Neurologist. 2012;18:130-132.

81. Nakahara Y, Ogata A, Takase Y, et al. Treatment
of dural arteriovenous fistula presenting as
typical symptoms of hydrocephalus caused by
venous congestion: case report. Neurol Med Chir
(Tokyo). 2011;51:229-232.

82. Sugrue PA, Hurley MC, Bendok BR, et al. High-
grade dural arteriovenous fistula simulating a
bilateral thalamic neoplasm. Clin Neurol Neuro-
surg. 2009;111:629-632.

83. Lv X, Li Y, Liu A, Lv M, Jiang C, Wu Z. Endo-
vascular embolization of dural arteriovenous
fistulas of the anterior cranial fossa: three case
reports. Neurol Res. 2008;30:852-859.

84. Gonçalves MB, Maia O Jr, Correa JL, Siqueira SB,
Christoph Dde H, Landeiro JA. Dural arteriove-
nous fistula presenting as thalamic dementia.
Arq Neuropsiquiatr. 2008;66:264-267.

85. Pekcevik Y, Suleyman MEN, Egemen I, Kursat K.
Lacunar infarction associated with intracranial
venous hypertension. J Neurol Sci. 2008;25:
136-141.

86. Racine CA, Lawton MT, Hetts SW,
Josephson SA. Neuropyschological profile of
reversible cognitive impairment in a patient with
a dural arteriovenous fistula. Neurocase. 2008;14:
231-238.

87. Waragai M, Takeuchi H, Fukushima T, Haisa T,
Yonemitsu T. MRI and SPECT studies of dural
arteriovenous fistulas presenting as pure pro-
gressive dementia with leukoencephalopathy: a
sevier.com/world-neurosurgery e17

http://refhub.elsevier.com/S1878-8750(24)00191-8/sref46
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref46
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref46
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref46
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref47
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref47
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref47
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref47
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref47
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref49
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref49
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref49
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref49
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref48
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref48
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref48
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref48
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref50
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref50
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref50
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref50
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref51
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref51
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref51
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref51
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref52
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref52
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref52
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref52
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref53
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref53
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref53
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref53
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref54
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref54
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref54
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref54
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref55
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref55
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref55
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref55
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref56
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref56
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref56
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref56
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref56
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref56
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref57
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref57
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref57
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref58
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref58
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref58
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref58
http://refhub.elsevier.com/S1878-8750(24)00191-8/sref58
http://refhub.elsevier.com/S1878-8750(24)00191-8/optl3dFDd5dvM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optl3dFDd5dvM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optl3dFDd5dvM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optl3dFDd5dvM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optco9A80jqbN
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt1wqFbfQ6Fi
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt1wqFbfQ6Fi
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt1wqFbfQ6Fi
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt1wqFbfQ6Fi
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt1wqFbfQ6Fi
http://refhub.elsevier.com/S1878-8750(24)00191-8/optrfuYLgTGu1
http://refhub.elsevier.com/S1878-8750(24)00191-8/optrfuYLgTGu1
http://refhub.elsevier.com/S1878-8750(24)00191-8/optrfuYLgTGu1
http://refhub.elsevier.com/S1878-8750(24)00191-8/optrfuYLgTGu1
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkrFMK99F0x
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkrFMK99F0x
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkrFMK99F0x
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkrFMK99F0x
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkrFMK99F0x
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkrFMK99F0x
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLNdHP5EuHS
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLNdHP5EuHS
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLNdHP5EuHS
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLNdHP5EuHS
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLNdHP5EuHS
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLNdHP5EuHS
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLNdHP5EuHS
http://refhub.elsevier.com/S1878-8750(24)00191-8/optvClUB2WFax
http://refhub.elsevier.com/S1878-8750(24)00191-8/optvClUB2WFax
http://refhub.elsevier.com/S1878-8750(24)00191-8/optvClUB2WFax
http://refhub.elsevier.com/S1878-8750(24)00191-8/optshozNxqFeh
http://refhub.elsevier.com/S1878-8750(24)00191-8/optshozNxqFeh
http://refhub.elsevier.com/S1878-8750(24)00191-8/optshozNxqFeh
http://refhub.elsevier.com/S1878-8750(24)00191-8/optshozNxqFeh
http://refhub.elsevier.com/S1878-8750(24)00191-8/optshozNxqFeh
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt0XIqgSxkSv
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt0XIqgSxkSv
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt0XIqgSxkSv
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt0XIqgSxkSv
http://refhub.elsevier.com/S1878-8750(24)00191-8/optSfFIxloLQa
http://refhub.elsevier.com/S1878-8750(24)00191-8/optSfFIxloLQa
http://refhub.elsevier.com/S1878-8750(24)00191-8/optSfFIxloLQa
http://refhub.elsevier.com/S1878-8750(24)00191-8/optSfFIxloLQa
http://refhub.elsevier.com/S1878-8750(24)00191-8/optSfFIxloLQa
http://refhub.elsevier.com/S1878-8750(24)00191-8/optu6RXkpiMra
http://refhub.elsevier.com/S1878-8750(24)00191-8/optu6RXkpiMra
http://refhub.elsevier.com/S1878-8750(24)00191-8/optu6RXkpiMra
http://refhub.elsevier.com/S1878-8750(24)00191-8/optu6RXkpiMra
http://refhub.elsevier.com/S1878-8750(24)00191-8/optUwL3uB8IqU
http://refhub.elsevier.com/S1878-8750(24)00191-8/optUwL3uB8IqU
http://refhub.elsevier.com/S1878-8750(24)00191-8/optUwL3uB8IqU
http://refhub.elsevier.com/S1878-8750(24)00191-8/optUwL3uB8IqU
http://refhub.elsevier.com/S1878-8750(24)00191-8/optUwL3uB8IqU
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt0MHxI92iGN
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt0MHxI92iGN
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt0MHxI92iGN
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt0MHxI92iGN
http://refhub.elsevier.com/S1878-8750(24)00191-8/optoyIsbf33Gl
http://refhub.elsevier.com/S1878-8750(24)00191-8/optoyIsbf33Gl
http://refhub.elsevier.com/S1878-8750(24)00191-8/optoyIsbf33Gl
http://refhub.elsevier.com/S1878-8750(24)00191-8/optoyIsbf33Gl
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt5dDOFW02Cu
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt5dDOFW02Cu
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt5dDOFW02Cu
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt5dDOFW02Cu
http://refhub.elsevier.com/S1878-8750(24)00191-8/opth0U9vJDviO
http://refhub.elsevier.com/S1878-8750(24)00191-8/opth0U9vJDviO
http://refhub.elsevier.com/S1878-8750(24)00191-8/opth0U9vJDviO
http://refhub.elsevier.com/S1878-8750(24)00191-8/opth0U9vJDviO
http://refhub.elsevier.com/S1878-8750(24)00191-8/opth0U9vJDviO
http://refhub.elsevier.com/S1878-8750(24)00191-8/opth0U9vJDviO
http://refhub.elsevier.com/S1878-8750(24)00191-8/optrPrkVwZZ2h
http://refhub.elsevier.com/S1878-8750(24)00191-8/optrPrkVwZZ2h
http://refhub.elsevier.com/S1878-8750(24)00191-8/optrPrkVwZZ2h
http://refhub.elsevier.com/S1878-8750(24)00191-8/optrPrkVwZZ2h
http://refhub.elsevier.com/S1878-8750(24)00191-8/optzBOLlnAXYT
http://refhub.elsevier.com/S1878-8750(24)00191-8/optzBOLlnAXYT
http://refhub.elsevier.com/S1878-8750(24)00191-8/optzBOLlnAXYT
http://refhub.elsevier.com/S1878-8750(24)00191-8/optzBOLlnAXYT
http://refhub.elsevier.com/S1878-8750(24)00191-8/optzBOLlnAXYT
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkJXOxDszYZ
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkJXOxDszYZ
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkJXOxDszYZ
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkJXOxDszYZ
http://refhub.elsevier.com/S1878-8750(24)00191-8/optkJXOxDszYZ
http://refhub.elsevier.com/S1878-8750(24)00191-8/optDyNDzmsZNF
http://refhub.elsevier.com/S1878-8750(24)00191-8/optDyNDzmsZNF
http://refhub.elsevier.com/S1878-8750(24)00191-8/optDyNDzmsZNF
http://refhub.elsevier.com/S1878-8750(24)00191-8/optDyNDzmsZNF
http://refhub.elsevier.com/S1878-8750(24)00191-8/optDyNDzmsZNF
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcV8hEEURI0
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcV8hEEURI0
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcV8hEEURI0
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcV8hEEURI0
http://refhub.elsevier.com/S1878-8750(24)00191-8/optKCi5ZgV1WE
http://refhub.elsevier.com/S1878-8750(24)00191-8/optKCi5ZgV1WE
http://refhub.elsevier.com/S1878-8750(24)00191-8/optKCi5ZgV1WE
http://refhub.elsevier.com/S1878-8750(24)00191-8/optKCi5ZgV1WE
http://refhub.elsevier.com/S1878-8750(24)00191-8/optKCi5ZgV1WE
http://refhub.elsevier.com/S1878-8750(24)00191-8/optXZHW6hZNxG
http://refhub.elsevier.com/S1878-8750(24)00191-8/optXZHW6hZNxG
http://refhub.elsevier.com/S1878-8750(24)00191-8/optXZHW6hZNxG
http://refhub.elsevier.com/S1878-8750(24)00191-8/optXZHW6hZNxG
http://refhub.elsevier.com/S1878-8750(24)00191-8/optOK7v7mDg0M
http://refhub.elsevier.com/S1878-8750(24)00191-8/optOK7v7mDg0M
http://refhub.elsevier.com/S1878-8750(24)00191-8/optOK7v7mDg0M
http://refhub.elsevier.com/S1878-8750(24)00191-8/optOK7v7mDg0M
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt93cgAZAO4M
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt93cgAZAO4M
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt93cgAZAO4M
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt93cgAZAO4M
http://refhub.elsevier.com/S1878-8750(24)00191-8/optir5HofyRz9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optir5HofyRz9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optir5HofyRz9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optir5HofyRz9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optueDR1aFgPL
http://refhub.elsevier.com/S1878-8750(24)00191-8/optueDR1aFgPL
http://refhub.elsevier.com/S1878-8750(24)00191-8/optueDR1aFgPL
http://refhub.elsevier.com/S1878-8750(24)00191-8/optueDR1aFgPL
http://refhub.elsevier.com/S1878-8750(24)00191-8/optueDR1aFgPL
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcEHyOcsNHM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcEHyOcsNHM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcEHyOcsNHM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcEHyOcsNHM
www.journals.elsevier.com/world-neurosurgery


ORIGINAL ARTICLE

PAVEL S. PICHARDO-ROJAS ET AL. PARKINSONISM & DEMENTIA IN IDAVF
cause of treatable dementia. Eur J Neurol. 2006;13:
754-759.

88. Chan HY, Cheng KM, Lo MW, Chan CM,
Cheung YL. A treatable case of dementia–intra-
cranial dural arteriovenous fistula. Hong Kong
Med J. 2006;12:74-76.

89. Festa JR, Lazar RM, Marshall RS, Pile-
Spellman J, Chong JY, Duong H. Dural arterio-
venous fistula presents like an ischemic stroke.
Cogn Behav Neurol. 2004;17:50-53.

90. Abrahams JM, Bagley LJ, Flamm ES, Hurst RW,
Sinson GP. Alternative management consider-
ations for ethmoidal dural arteriovenous fistulas.
Surg Neurol. 2002;58:410-416 [discussion: 416].

91. Yamakami I, Kobayashi E, Yamaura A. Diffuse
white matter changes caused by dural arteriove-
nous fistula. J Clin Neurosci. 2001;8:471-475.

92. Greenough GP, Mamourian A, Harbaugh RE.
Venous hypertension associated with a posterior
fossa dural arteriovenous fistula: another cause
of bithalamic lesions on MR images. AJNR Am J
Neuroradiol. 1999;20:145-147.

93. Hurst RW, Bagley LJ, Galetta S, et al. Dementia
resulting from dural arteriovenous fistulas: the
pathologic findings of venous hypertensive en-
cephalopathy. AJNR Am J Neuroradiol. 1998;19:
1267-1273.

94. Nakai K, Umezawa H, Kohyama S, et al. Dural
arteriovenous fistula presenting as acute-onset
e18 www.SCIENCEDIRECT.com
dementia: a case report. No Shinkei Geka. 1997;25:
349-354.

95. Olteanu-Nerbe V, Uhl E, Steiger HJ, Yousry T,
Reulen HJ. Dural arteriovenous fistulas including
the transverse and sigmoid sinuses: results of
treatment in 30 cases. Acta Neurochir (Wien). 1997;
139:307-318.

96. Ito M, Sonokawa T, Mishina H, Sato K.
Reversible dural arteriovenous malformation-
induced venous ischemia as a cause of dementia:
treatment by surgical occlusion of draining dural
sinus: case report. Neurosurgery. 1995;37:1187-1191
[discussion: 1191-1192].

97. Zeidman SM, Monsein LH, Arosarena O, et al.
Reversibility of white matter changes and de-
mentia after treatment of dural fistulas. AJNR Am
J Neuroradiol. 1995;16:1080-1083.

98. Ishii K, Goto K, Ihara K, et al. High-risk dural
arteriovenous fistulae of the transverse and sig-
moid sinuses. AJNR Am J Neuroradiol. 1987;8:
1113-1120.

99. Elhammady MS, Ambekar S, Heros RC. Epide-
miology, clinical presentation, diagnostic evalu-
ation, and prognosis of cerebral dural
arteriovenous fistulas. Handb Clin Neurol. 2017;
143:99-105.

100. Youssef PP, Schuette AJ, Cawley CM, Barrow DL.
Advances in surgical approaches to dural fis-
tulas. Neurosurgery. 2014;74(Suppl 1):S32-S41.
WORLD NEUROSURGERY, http
101. Gross BA, Du R. Natural history of cerebral
arteriovenous malformations: a meta-analysis. J
Neurosurg. 2013;118:437-443.

102. Borden JA, Wu JK, Shucart WA. A proposed
classification for spinal and cranial dural arte-
riovenous fistulous malformations and implica-
tions for treatment. J Neurosurg. 1995;82:166-179.

103. Vanlandingham M, Fox B, Hoit D, Elijovich L,
Arthur AS. Endovascular treatment of intracranial
dural arteriovenous fistulas. Neurosurgery. 2014;
74(Suppl 1):S42-S49.
Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 15 December 2023; accepted 30 January 2024

Citation: World Neurosurg. (2024).
https://doi.org/10.1016/j.wneu.2024.01.170

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2024 Elsevier Inc. All
rights reserved.
s://doi.org/10.1016/j.wneu.2024.01.170

http://refhub.elsevier.com/S1878-8750(24)00191-8/optcEHyOcsNHM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optcEHyOcsNHM
http://refhub.elsevier.com/S1878-8750(24)00191-8/optsjAcMOn4NX
http://refhub.elsevier.com/S1878-8750(24)00191-8/optsjAcMOn4NX
http://refhub.elsevier.com/S1878-8750(24)00191-8/optsjAcMOn4NX
http://refhub.elsevier.com/S1878-8750(24)00191-8/optsjAcMOn4NX
http://refhub.elsevier.com/S1878-8750(24)00191-8/optl1wJr30r7S
http://refhub.elsevier.com/S1878-8750(24)00191-8/optl1wJr30r7S
http://refhub.elsevier.com/S1878-8750(24)00191-8/optl1wJr30r7S
http://refhub.elsevier.com/S1878-8750(24)00191-8/optl1wJr30r7S
http://refhub.elsevier.com/S1878-8750(24)00191-8/optB6snxZEk5M
http://refhub.elsevier.com/S1878-8750(24)00191-8/optB6snxZEk5M
http://refhub.elsevier.com/S1878-8750(24)00191-8/optB6snxZEk5M
http://refhub.elsevier.com/S1878-8750(24)00191-8/optB6snxZEk5M
http://refhub.elsevier.com/S1878-8750(24)00191-8/optiWzda41Gtj
http://refhub.elsevier.com/S1878-8750(24)00191-8/optiWzda41Gtj
http://refhub.elsevier.com/S1878-8750(24)00191-8/optiWzda41Gtj
http://refhub.elsevier.com/S1878-8750(24)00191-8/optN1dJTIDHt9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optN1dJTIDHt9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optN1dJTIDHt9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optN1dJTIDHt9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optN1dJTIDHt9
http://refhub.elsevier.com/S1878-8750(24)00191-8/optTqPh5Ghqrz
http://refhub.elsevier.com/S1878-8750(24)00191-8/optTqPh5Ghqrz
http://refhub.elsevier.com/S1878-8750(24)00191-8/optTqPh5Ghqrz
http://refhub.elsevier.com/S1878-8750(24)00191-8/optTqPh5Ghqrz
http://refhub.elsevier.com/S1878-8750(24)00191-8/optTqPh5Ghqrz
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt37xzzs2C28
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt37xzzs2C28
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt37xzzs2C28
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt37xzzs2C28
http://refhub.elsevier.com/S1878-8750(24)00191-8/optfxFPVDDsAk
http://refhub.elsevier.com/S1878-8750(24)00191-8/optfxFPVDDsAk
http://refhub.elsevier.com/S1878-8750(24)00191-8/optfxFPVDDsAk
http://refhub.elsevier.com/S1878-8750(24)00191-8/optfxFPVDDsAk
http://refhub.elsevier.com/S1878-8750(24)00191-8/optfxFPVDDsAk
http://refhub.elsevier.com/S1878-8750(24)00191-8/optA9tyzQDb6Z
http://refhub.elsevier.com/S1878-8750(24)00191-8/optA9tyzQDb6Z
http://refhub.elsevier.com/S1878-8750(24)00191-8/optA9tyzQDb6Z
http://refhub.elsevier.com/S1878-8750(24)00191-8/optA9tyzQDb6Z
http://refhub.elsevier.com/S1878-8750(24)00191-8/optA9tyzQDb6Z
http://refhub.elsevier.com/S1878-8750(24)00191-8/optA9tyzQDb6Z
http://refhub.elsevier.com/S1878-8750(24)00191-8/optr1OMdfzpbU
http://refhub.elsevier.com/S1878-8750(24)00191-8/optr1OMdfzpbU
http://refhub.elsevier.com/S1878-8750(24)00191-8/optr1OMdfzpbU
http://refhub.elsevier.com/S1878-8750(24)00191-8/optr1OMdfzpbU
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt89a7JC3RDi
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt89a7JC3RDi
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt89a7JC3RDi
http://refhub.elsevier.com/S1878-8750(24)00191-8/opt89a7JC3RDi
http://refhub.elsevier.com/S1878-8750(24)00191-8/optANC6y0g5do
http://refhub.elsevier.com/S1878-8750(24)00191-8/optANC6y0g5do
http://refhub.elsevier.com/S1878-8750(24)00191-8/optANC6y0g5do
http://refhub.elsevier.com/S1878-8750(24)00191-8/optANC6y0g5do
http://refhub.elsevier.com/S1878-8750(24)00191-8/optANC6y0g5do
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLJ4M8tfZ79
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLJ4M8tfZ79
http://refhub.elsevier.com/S1878-8750(24)00191-8/optLJ4M8tfZ79
http://refhub.elsevier.com/S1878-8750(24)00191-8/optupEr24nRNd
http://refhub.elsevier.com/S1878-8750(24)00191-8/optupEr24nRNd
http://refhub.elsevier.com/S1878-8750(24)00191-8/optupEr24nRNd
http://refhub.elsevier.com/S1878-8750(24)00191-8/optQgcnuO60hb
http://refhub.elsevier.com/S1878-8750(24)00191-8/optQgcnuO60hb
http://refhub.elsevier.com/S1878-8750(24)00191-8/optQgcnuO60hb
http://refhub.elsevier.com/S1878-8750(24)00191-8/optQgcnuO60hb
http://refhub.elsevier.com/S1878-8750(24)00191-8/optu29rJwF3JV
http://refhub.elsevier.com/S1878-8750(24)00191-8/optu29rJwF3JV
http://refhub.elsevier.com/S1878-8750(24)00191-8/optu29rJwF3JV
http://refhub.elsevier.com/S1878-8750(24)00191-8/optu29rJwF3JV
https://doi.org/10.1016/j.wneu.2024.01.170
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2024.01.170


ORIGINAL ARTICLE

PAVEL S. PICHARDO-ROJAS ET AL. PARKINSONISM & DEMENTIA IN IDAVF
SUPPLEMENTARY DATA
Supplementary Table 1. Additional Studies Presenting with Isolated Parkinsonism or Dementia

Parkinsonism

OutcomeStudy

Gender/
Age

(Years)
Parkinsonism Symptoms

(MDS-UPDRS)
Additional Clinical

Findings
Location of IDAVF

(Borden Classification)
Arterial
Feeders

Venous
Outflow
Patterns

Kawasaki
et al., 202214

Male/67 Bradykinesia, rigidity, short-stepping and
freezing gait, hypomimia and hypophonia

(MDS-UPDRS: 48)

NE TS and SiS OA and APA StS and VG IR (MDS-
UPDRS: 19)

Chang et al.,
201951

Male/57 Hypomimia, left forearm showed
bradykinesia and rigidity

Tinnitus and lethargy TS NE StS, right TS,
and Cv

CR

Pu et al.,
201752

Male/51 Bradykinesia, rigidity, hypokinesia,
hypomimia, and hypophonia

NE StS and posterior fossa
(Cognard type IIaþ b)

PMA, MHT,
and left ICA

VG, VR, and ICV CR

Kawasaki
et al., 202214

Male/67 Bradykinesia, rigidity, hypomimia,
hypophonia, and postural instability

NE TSS Right OA StS and VG IR

Kim et al.,
201553

Male/59 Gait disturbance and rigidity Vertical nystagmus,
hemiparesis, and diplopia

TH MMA and OA Cv and VR CR

Dementia

OutcomeStudy

Gender/
Age

(Years) Dementia Symptoms (MMSE)
Additional Clinical

Findings

Location of
IDAVF (Borden
Classification) Arterial Feeders

Venous Outflow
Patterns

Ferrazzoli
et al., 202354

Male/64 Acute confusion, progressive
dementia, and behavioral change

Motor perseverance, verbal
reiteration, and
disorientation

SPS (Cognard type
III)

Petrous branch
MMA, inferolateral

mb, and MHT

Basal VR, right
superior and

inferior PS, and
right CS

Death

Khan et al.,
202255

Male/45 Attention impairment and memory
deficit (MoCa: 3)

NE StS NE NE NE

Dargazanli
et al., 202256

Male/39 Cognitive impairment with apathy,
aphasia, and attention

NE Falcotentorial Falx cerebelli arteries Superior vermian
vein and VG

IR:
persistence
of aphasia

Liu et al.,
202242

Male/52 Memory impairment, aphasia, and
slow response (MMSE: 13)

NE TCB (Borden II) MMA Basilar vein CR

Méndez-
Gallardo et al.,
202257

Male/43 Inappropriate behavior, inattention,
amnesia, aphasia, and

disorientation

Headache and hemiparesis NE MMA VG CR

Zhang et al.,
202159

Male/53 Memory decline, abnormal
behavior, and personality changes

(MMSE: 20)

NE TCB (Cognard type
IIaþb)

MMA VG IR

IDAVF, intracranial dural arteriovenous fistula; NE, not specified; TS, transverse sinus; SiS, sigmoid sinus; OA, occipital artery; APA, ascending pharyngeal artery; StS, straight sinus; VG, vein of
Galen; TSS, transverse-sigmoid sinus; IR, incomplete recovery; Cv, cortical veins; CR, complete recovery; PMA, posterior meningeal artery; MHT, meningohypophyseal trunk; ICA, internal
carotid artery; VR, vein of Rosenthal; ICV, internal cerebral veins; TH, torcular Herophili; MMA, middle meningeal artery; MMSE, Mini-Mental State Examination; SPS, superior petrosal
sinus; mb, meningeal branches; PS, petrous or petrosal sinus; TCB, tentorium cerebelli; ECA, external carotid artery; VA, vertebral artery; SSS, superior sagittal sinus; LS, lateral sinus; CSF,
spontaneous cerebrospinal fluid; ACF, anterior cranial fossa; AMI, acute myocardial infarction; NI, no improvement; STA, superficial temporal artery; MDS-UPDRS, Movement Disorder
Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale; MoCa, montreal cognitive assessment; CS, Cavernous Sinus.
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Supplementary Table 1. Continued

Dementia

OutcomeStudy

Gender/
Age

(Years) Dementia Symptoms (MMSE)
Additional Clinical

Findings

Location of
IDAVF (Borden
Classification) Arterial Feeders

Venous Outflow
Patterns

Chee et al.,
202060

Female/
38

Progressive amnesia, language
difficulties, and confusion (MMSE:

14)

Visual deterioration and
headache

TS (Borden III) ECA and OA Cv Died due to
cardiac
arrest

Iampreechakul
et al., 202061

Male/52 Apathy, disorientation, and memory
impairment

NE Multiple IDAVF in
StS and SSS

(Cognard type II
aþb)

OA StS and VG CR

Brito et al.,
201962

Male/79 Rapidly progressive dementia Weakness SSS and TS ECA StS CR

Male/77 Rapidly progressive dementia NE SSS MMA and OA Superficial middle
cerebral vein

CR

Male/75 Memory impairment and
disorientation

NE SSS NE Cv CR

Male/51 Cognitive deficit, memory
impairment, and disorientation

Incontinence Tentorial incisura OA Posterior
communicating
vein and VR

CR

Male/61 Dementia and behavioral
disturbance

NE SSS and TSS ECA and VA NE IR

Male/71 Memory impairment and
disorientation

NE TS MMA, OA, and VA NE CR

Kumonda
et al., 201863

Male/69 Memory impairment, apathy, and
disorientation

NE Tentorial artery NE NE CR

Tetsuo et al.,
201864

Female/
76

Disturbance of consciousness and
memory impairment

NE TSS NE StS and SSS NE

Matsuzaki
et al., 201765

Female/
71

Cognitive impairment, aphasia, and
memory disturbance

Tinnitus TSS (Cognard type
IIb)

NE SSS CR

Enofe et al.,
201766

Female/
82

Memory deficit and visuospatial
abnormalities (MMSE: 21)

Generalized unprovoked
seizures

NE ECA and VA TH, SSS, and TSS IR

Hwang et al.,
201767

Male/43 Inattention and episodic memory
loss (MMSE: 27)

NE LS and TSS OA and MMA NE IR

Holekamp
et al., 201668

Male/53 Memory impairment, attention
deficit, associative prosopagnosia,
and emotional lability (MMSE: 24)

NE VG and StS
(Borden-Shucart

2S)

MMA and ICA StS and vermian
vein

CR

Male/59 Long-term memory deficits, verbal
fluency impairment, and associative

confabulation

NE Tentorial artery
(Borden-Shucart

3S)

OA and MMA Vermian vein IR

Male/60 Worsening confusion and memory
deficits

NE TH (Borden-
Shucart 3S)

OA Vermian vein CR

Male/71 Memory impairment, attention
deficit, and confusion

Weakness and numbness TH (Borden-
Shucart 3S)

OA and MMA Vermian vein IR

Watanabe
et al., 201669

Male/59 Progressive dementia NE SSS OA and STA Cv CR

Higashida
et al., 201570

Male/64 Cognitive impairment and
disorientation

Pulsatile tinnitus, CSF
otorrhoea, and generalized

seizure

TSS ECA NE IR

Continues

e20 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2024.01.170

ORIGINAL ARTICLE

PAVEL S. PICHARDO-ROJAS ET AL. PARKINSONISM & DEMENTIA IN IDAVF

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2024.01.170


Supplementary Table 1. Continued

Dementia

OutcomeStudy

Gender/
Age

(Years) Dementia Symptoms (MMSE)
Additional Clinical

Findings

Location of
IDAVF (Borden
Classification) Arterial Feeders

Venous Outflow
Patterns

Takada et al.,
201571

Male/64 Progressive dementia (MMSE: 13) NE TH (Borden type II) MMA Cv IR (MMSE:
23)

Imazeki et al.,
201572

Male/72 Rapid progressive memory
disturbance (MMSE: 6)

Generalized seizure SSS STA and MMA NE CR (MMSE:
23)

Randall et al.,
201573

Female/
67

Cognitive decline and visual
hallucinations

Anxiety and depression Tentorium
(Cognard type III)

OA and MMA Cv and SSS IR

Huded et al.,
201474

Male/35 Behavioral abnormality and
anterograde memory impairment

(MMSE: 15)

Partial seizure and sensory
impairment

VG MMA, OA, and
posterior cerebral

arteries

StS CR (MMSE
30)

Pasi et al.,
201475

Male/71 Memory disturbance, confusion,
and disorientation (MMSE: 18)

NE TS and SSS
(Cognard type
IIa þ b/Cognard

type IIa)

MMA and OA NE IR (MMSE:
28)

Yoshihara
et al., 201476

Female/
73

Disorientation and memory
disturbance (MMSE: 1)

Tinnitus, headache, nausea,
and anorexia

TSS OA, MMA, and APA SiS IR (MMSE:
24)

Abe et al.,
201477

Male/67 Rapidly progressive dementia Headache SSS MMA and STA Cv CR (MMSE:
30)

Morparia
et al., 201278

Male/71 Memory impairment, inattention,
and hypersomnolence

NE Tentorium OA, MMA, and ECA Deep venous
system and VR

IR

Henderson
et al., 201279

Female/
53

Dysarthria, memory disturbance,
and derangements in taste

sensation

NE Temporal and
sphenoid arteries

Ophthalmic artery Sphenoparietal
sinus and Cv

IR

Male/72 Altered mental status Visual disturbances and
dizziness

SSS STA and MMA NE CR

Mendonça
et al., 201280

Female/
70

Amnesia, language deficit, and
incoherent speech (MMSE: 15)

Flaccid tetraparesis SSS, TH, and TS
(Borden type II)

MMA and OA Cv and deep
venous system

IR (MMSE:
17)

Nakahara
et al., 201181

Female/
76

Memory impairment and
disorientation (MMSE: 16)

Urinary incontinence TSS ICA and ECA NE CR

Sugrue et al.,
200982

Male/51 Memory loss and disorientation NE SSS MMA, ICA, and VA StS, VG, and ICV IR

Lv et al.,
200883

Male/65 Chronic dementia Generalized seizure ACF Ophthalmic arteries SSS CR

Gonçalves
et al., 200884

Male/43 Apathy and memory deficit NE Tentorium (Borden
II/Cognard type

IIaþIIb)

ECA, ICA, and OA Cv, ICV, VG, and
StS

CR

Pekçevik et al.,
200885

Female/
72

Cognitive dysfunction Headaches and hemiparesis SSS ECA and OA Cv, SSS, CS, and
deep venous

system

IR

Racine et al.,
200886

Male/51 Confusion, slurred speech, and
memory impairment (MMSE: 11)

Anxiety, depression, and
headache

Posterior fossa NE NE IR (MMSE:
27)

IDAVF, intracranial dural arteriovenous fistula; NE, not specified; TS, transverse sinus; SiS, sigmoid sinus; OA, occipital artery; APA, ascending pharyngeal artery; StS, straight sinus; VG, vein of
Galen; TSS, transverse-sigmoid sinus; IR, incomplete recovery; Cv, cortical veins; CR, complete recovery; PMA, posterior meningeal artery; MHT, meningohypophyseal trunk; ICA, internal
carotid artery; VR, vein of Rosenthal; ICV, internal cerebral veins; TH, torcular Herophili; MMA, middle meningeal artery; MMSE, Mini-Mental State Examination; SPS, superior petrosal
sinus; mb, meningeal branches; PS, petrous or petrosal sinus; TCB, tentorium cerebelli; ECA, external carotid artery; VA, vertebral artery; SSS, superior sagittal sinus; LS, lateral sinus; CSF,
spontaneous cerebrospinal fluid; ACF, anterior cranial fossa; AMI, acute myocardial infarction; NI, no improvement; STA, superficial temporal artery; MDS-UPDRS, Movement Disorder
Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale; MoCa, montreal cognitive assessment; CS, Cavernous Sinus.
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Dementia

OutcomeStudy

Gender/
Age

(Years) Dementia Symptoms (MMSE)
Additional Clinical

Findings

Location of
IDAVF (Borden
Classification) Arterial Feeders

Venous Outflow
Patterns

Waragai et al.,
200687

Male/58 Disorientation, memory, and
judgment impairment (MMSA: 12)

NE SiS and SSS OA and ECA Sagittal sinus and
StS

IR (MMSE:
21)

Male/48 Memory impairment, disorientation,
and mental slowness

NE TSS OA SSS and StS CR

Chan et al.,
200688

Male/77 Memory impairment and
disorientation (MSSE: 0)

Incontinence TSS OA and MMA Vein of Labbe IR (MMSE:
5)

Festa et al.,
200489

Female/
80

Wernicke aphasia, short-term
memory loss, apraxia, and
confusion (MSSE: 22)

Generalized seizure SiS OA and MMA Cv IR (MMSE:
27)

Abrahams
et al., 200290

Male/77 Rapidly progressive dementia NE ACF Ethmoidal branches
of the ophthalmic
arteries bilaterally

SSS and pial veins
of the anterior
frontal lobe

Died due to
AMI

Male/64 Loss of consciousness NE ACF Ethmoidal branches
of the ophthalmic
arteries bilaterally

SSS and pial veins
of the anterior
frontal lobe

IR

Yamakami
et al., 200191

Male/55 Dementia Urinary incontinence,
drowsiness

TSS and torcula
junction

NE StS and temporo-
parieto-occipital

area

CR

Female/
63

Progressive dementia and rapid
deterioration in conscious state

Coma and seizures Left transverse-
sigmoid junction

Left OA StS IR

Greenough
et al., 199992

Male/62 Confusion Nausea, diaphoresis, mute,
inability to form new
memories, docile, and

aboulia

Posterior fossa NE Vein of Galen and
ICV

IR

Hurst et al.,
199893

Male/54 Progressive confusion,
disorientation, generalized

dementia, and widespread cerebral
dysfunction

Headache, aphasia, and
facial palsy

Left TSS Left ECA (OA, APA,
and MMA), left ICA
(MHT), and VA (mb)

SSS, StS, and Cv IR

Male/64 Confusion, memory loss, and
cognitive deterioration

Headache and progressive
left hemiparesis

Right TSS Right ECA (OA and
APA)

SSS and StS IR

Male/70 Progressive mental status
deterioration and memory loss

Headache,
unresponsiveness, and

bedridden

Right TSS Basilar ECA (OA and
APA), ICA and VA

Retrograde into
right TSS, SSS and

StS

Death

Male/65 Progressive confusion, memory loss,
and multifocal or generalized

cerebral dysfunction

Headache, bruit,
unresponsiveness,

bedridden, and anomia

Right TSS Right ECA (OA and
APA), ICA and VA

SSS and StS IR

Male/77 Confusion and memory loss Headache Anterior fossa ECA and ICA
(ophthalmic)

Cv and SSS CR

Nakai et al.,
199794

Female/
70

Aphasia and memory impairment Pulsatile tinnitus and seizure TSS NE Cv CR
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Dementia

OutcomeStudy

Gender/
Age

(Years) Dementia Symptoms (MMSE)
Additional Clinical

Findings

Location of
IDAVF (Borden
Classification) Arterial Feeders

Venous Outflow
Patterns

Olteanu-Nerbe
et al., 199795

Female/
49

Dementia Pulsatile tinnitus and bruit TS (Cognard type
IIa)

ECA and ICA TS and SSS IR

Male/68 Dementia Pulsatile tinnitus and bruit TS (Cognard type
III)

ECA TS and Cv NI

Male/17 Dementia Pulsatile tinnitus and bruit TS (Cognard type
IIa)

ECA, ICA, and VA TS, SSS, and
occipital sinus

CR

Ito et al.,
199596

Man/49 Memory disturbance, decreased
mental activity, and thalamic

dementia

Ataxic gait StS OA and VA SiS, SSS, and VR CR

Zeidman et al.,
199597

Male/55 Global aphasia, dysarthria, and
disorientation

Headache and seizures APA and jugular
bulb

NE TSS, SSS, and StS NI

Male/56 Memory loss and transient
disorientation

Emotional lability, pulsatile
tinnitus, and headache

ICA, ECA, OA, and
STA

ECA TSS and sagittal
sinus

CR

Ishii et al.,
198798

Female/
75

Progressive dementia Seizures and right
hemiparesis

TS and SiS OA and MMA SSS, CV, Sylvian
veins, and CS

Death

Female/
62

Progressive dementia Tinnitus, headache, and
vomiting

TS and TH OA, MMA, VA, and
ICA

SSS, StS, Cv, and
basal vein

CR

IDAVF, intracranial dural arteriovenous fistula; NE, not specified; TS, transverse sinus; SiS, sigmoid sinus; OA, occipital artery; APA, ascending pharyngeal artery; StS, straight sinus; VG, vein of
Galen; TSS, transverse-sigmoid sinus; IR, incomplete recovery; Cv, cortical veins; CR, complete recovery; PMA, posterior meningeal artery; MHT, meningohypophyseal trunk; ICA, internal
carotid artery; VR, vein of Rosenthal; ICV, internal cerebral veins; TH, torcular Herophili; MMA, middle meningeal artery; MMSE, Mini-Mental State Examination; SPS, superior petrosal
sinus; mb, meningeal branches; PS, petrous or petrosal sinus; TCB, tentorium cerebelli; ECA, external carotid artery; VA, vertebral artery; SSS, superior sagittal sinus; LS, lateral sinus; CSF,
spontaneous cerebrospinal fluid; ACF, anterior cranial fossa; AMI, acute myocardial infarction; NI, no improvement; STA, superficial temporal artery; MDS-UPDRS, Movement Disorder
Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale; MoCa, montreal cognitive assessment; CS, Cavernous Sinus.
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PubMed
((("arteriovenous fistula"[MeSH Terms] OR ("arteriovenous"[All
Fields] AND "fistula"[All Fields]) OR "arteriovenous fistula"[All
Fields]) AND "dural"[All Fields]) OR ("dural arteriovenous fistu-
la"[All Fields] OR "DAVF"[All Fields] OR ("central nervous system
vascular malformations"[MeSH Terms] OR ("central"[All Fields]
AND "nervous"[All Fields] AND "system"[All Fields] AND "vas-
cular"[All Fields] AND "malformations"[All Fields]) OR "central
nervous system vascular malformations"[All Fields] OR ("dura-
l"[All Fields] AND "arteriovenous"[All Fields] AND "fistula"[All
Fields]) OR "dural arteriovenous fistula"[All Fields]))) AND
("dementia"[MeSH Terms] OR "dementia"[All Fields] OR
WORLD NEUROSURGERY-: e1-e23, - 2024
"dementias"[All Fields] OR "dementia s"[All Fields] OR ("par-
kinson disease"[MeSH Terms] OR ("parkinson"[All Fields] AND
"disease"[All Fields]) OR "parkinson disease"[All Fields] OR
"parkinsons"[All Fields] OR "parkinson"[All Fields] OR "parkin-
son s"[All Fields] OR "parkinsonian disorders"[MeSH Terms] OR
("parkinsonian"[All Fields] AND "disorders"[All Fields]) OR
"parkinsonian disorders"[All Fields] OR "parkinsonism"[All
Fields] OR "parkinsonisms"[All Fields] OR "parkinsons s"[All
Fields])).

Embase, Embase Classic, MEDLINE, Preprints
(‘dural arteriovenous fistula’/exp OR ‘dural arteriovenous fistula’
OR davf OR dural) AND arteriovenous AND (‘fistula’/exp OR fis-
tula) AND (parkinson OR dementia).
www.journals.elsevier.com/world-neurosurgery e23
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